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EDITOR'S PREFACE 

Professor Bunge's Lectures on Physiological Chemistry 
have had a great influence on physiological thought both here 
and abroad. Bepresentihg as they do the ideas which have 
produced throughout many years discoveries of fundamental 
importance in the school of Schmiedeberg^ they have served 
to spread the method of thought of that school and to render 
more effective the work of men in other laboratories. Among 
these researches^ I might especially mention those of Schmiede- 
berg alone or in conjunction with his pupils on the mechanism 
of oxidation in the body^ on the occurrence of synthetic proc- 
esses in the body (e. g., the synthesis of hippuric acid in the 
kidney^ worked out by Bunge and Schmiedeberg)^ Schroder's 
work on the formation of urea^ Minkowski and Naunyn on 
uric acid^ Minkowski on the production of diabetes by extir- 
pation of the pancreas^ besides researches into the chemistry 
of nucleins^ of chondrin^ the mucins (Leathes)^ and many other 
subjects of bio-chemical interest. 

These Lectures have also the merit of being written by a 
man who was philosopher^ mathematician and chemist before 
he was a physiologist^ and who^ being thus in a position to 
grasp the general bearings of his subject^ has succeeded in 
making the dry bones of physiological chemistry interesting 
even to the beginner. 

It was with great pleasure that I undertook to edit a new 
translation by my wife of the latest Grerman Edition^ as I con- 
sider it eminently desirable that these suggestive Lectures should 
be available for those students and medical men who are not 
familiar with German. 

I would here especially endorse the author's recommenda- 
tion to stadoits to go back whenever possible to the original 
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vi editor's preface 

papers^ copious references to which form a prominent feature 
of these Lectures. A careful study of a few of the classic 
researches in their original form will do more to acquaint a 
man with the spirit of physiology than the most arduous 
perusal of text-books. It is essential to the healthy develop- 
ment of the thinking powers that they should have some work 
to dO; and not be nourished solely on a diet of already digested 
material. 

Although the conclusions drawn by the author are occa- 
sionally not those which would commend themselves to the 
majority of physiologists^ I have thought it better to indicate 
in a footnote the existence of other opinions rather than inter- 
fere in any way with the vitalistic mode of thought which 
gives these Lectures much of their interest and individuality. 
Such additions are distinguished by square brackets. 

ERNEST H. STARLING. 

London, Marehy 1902. 



PREFACE TO THE FIRST EDITION 

It has not been my intention to enlarge the present volume 
beyond the scope of a text-book ; all disconnected facts and 
mere descriptive matter have therefore been omitted. In 
original research^ every £sict^ however isolated it may at first 
seem, may prove of inestimable value as a starting-point for 
fresh ideas and inquiries. For this reason, an exhaustive 
account of all facts is both valuable and necessary in a hand- 
book. But a text-book should merely seek to initiate and 
interest the student, and to acquaint him with the principal 
achievements of investigation in biological sequence. A mass 
of statements and details would weary and disgust the beginner, 
and might deter him from pursuing the subject altogether. 
But if interest once be awakened by a suggestive though inade- 
quate treatment of the subject, the deficiencies may readily be 
supplied by recourse to the hand-books, or, better still, by a 
careful perusal of the original works. 

Descriptions of analytic methods have also for the most part 
been avoided, as they would have interrupted the main narra- 
tive, and as we already possess numerous standard works on 
chemical analysis in physiology and pathology, such as those 
by Hoppe-Seyler, Leube and Salkowski, Neubauer and Vogel. 
With the aid of such teachers as these, analysis should be learnt 
and practised in the laboratory. 

On the other hand, I have endeavored to introduce every- 
thing that is at present ripe for a connected account. Especial 
care has been bestowed on the references. The original 
memoirs quoted have been so chosen that, with them as a 
basis, the reader who is desirous of pursuing the study of 
physiological chemistry will readily be able to find his way 
through its remaining literature, and will also have his atten- 
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tion drawn to those works which were beyond the scope of my 
subject. 

If my lectures succeed in inducing the study of the original 
sources, my aim will have been attained. Of what use would 
it be to the medical student to learn up an exhaustive treatise 
on physiology? In a few years he would be no wiser than 
before. In science, it is imperative that all academic teaching 
should be so directed as to render the student capable of fol- 
lowing its progress. For this, a thorough knowledge of the 
exact sciences, physics and chemistry, is requisite; he will 
then be in a position to read physiological works, which he 
should be led to weigh and discuss critically. No one will 
ever r^ret time and trouble spent in this way. Later in life, 
he will find that he can always increase his knowledge, and 
that all medical work will be the easier for it. An intimate 
acquaintance with the exact natural sciences would shorten and 
simplify medical study. 

The object I have kept in view throughout these lectures has 
been to enable the b^inner to refer at once to the most valuable 
passages in the original works, whenever his interest has been 
excited in any question of physiological chemistry. 

G. BUNGE. 
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LECTURE I 

INTRODUCTION VITALISM AND MECHANISM 

By way of introduction, I may be allowed to lay before my 
readers the views I hold on the aims and prospects of modem 
physiological research. We read in numberless physiological 
papers, and in the introduction to almost every text-book of 
physiology, that the object of physiological inquiry is to explain 
the phenomena of life by physical and chemical, and therefore 
ultimately by mechanical laws. A physiologist of the present 
day would be regarded as lacking both in intelligence and 
industry, were he to take refuge, as at one time the ^ vitalists ' 
did, in the assumption of a special ' vital force ' as a means of 
explaining biological problems. I can only accept this view in 
a modified form, and with the understanding that no explana- 
tion is offered by a mere term. I regard ^ vital force ' as a 
convenient resting-place where, to quote Kant, "reason can 
repose on the pillow of obscure qualities." 

But I cannot assent to the doctrine which some opponents 
of vitalism maintain, and which would have us believe that 
in living beings there are no other factors at work than simply 
the forces and matter of inorganic nature. We certainly 
cannot recognize more than these forces, owing to the limita- 
tion of our powers, since in the observation of both organic 
and inorganic nature we always make use of the same organs 
of sense, which react only to certain forms of motion. A form 
of motion transmitted to the brain by the fibers of the optic 
nerves arouses in us the consciousness of light and color ; the 
consciousness of sound is due to another form of motion trans- 
mitted by the auditory nerve ; all our sensations of taste and 
smell, of temperature and touch, are due to forms of motion. 
At least this is what physics teaches us ; these appear to be at 
present the most fruitful hypotheses. It would indeed be a 
lack of intelligence to expect, with the same senses, to make 
discoveries in living nature of a different order to those revealed 
to us in inorganic nature. 

But for the study of organic nature we possess one addi- 
tional sense, our * internal sense ': the power of studying and 
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observing the conditions and processes of our own conscious- 
ness. To hold that this also is a variety of motion is^ in my 
opinion, an untenable doctrine. The simple fact that many 
conditions of consciousness have no relation to space is opposed 
to such a view. Only what consciousness has acquired by 
certain senses, sight, touch, muscular sense,^ is related to space. 
All other sensations, emotions, passions, and an unlimited 
number of ideas have no relation to space, but only to time. 
We cannot here, then, speak of a mechanism. It might be 
suggested that this is only an apparent difference— that in 
reality these also have spatial qualities. But such an opinion 
cannot be sustained. We suppose that objects which we per- 
ceive with our senses have spatial qualities simply on the 
ground that, so far as we can observe them by means of our 
senses, touch and sight, they seem to possess tibiem. But for 
the whole world of our internal sense, we have not even this 
apparent reason, so that we cannot admit that there is any 
ground for such a supposition. 

Therefore the deepest insight we can gain into the most 
essential part of our nature shows us something quite different, 
shows us things which are without spatial qualities, and proc- 
esses which can have nothing to do with mechanism. 

The opponents of vitalism, those who support the mechanical 
explanation of life, usually seek to justify their views by saying 
that the further physiology advances, tlie more does it become 
possible to explain, on physical and chemical grounds, phenom- 
ena which have hitherto been r^arded as associated with a 
special vital force ; that it is only a question of time ; that it 
will finally be shown that the whole process of life is only a 
more complicated form of motion regulated solely by the laws 
which govern inorganic nature. 

But to me the history of physiology teaches the exact 
opposite. I think the more thoroughly and conscientiously 
we endeavor to study biological problems, the more are we 
convinced that even those processes which we have already 
r^arded as explicable by chemical and physical laws, are in 
reality infinitely more complex, and at present defy any attempt 
at a mechanical explanation. 

^ The ideas of space, which are connected with the sensations of sight and 
touch, are possibly only brought about by the complex muscular apparatus, which 
plays a part in all the functions of the organs of sight and touch. This is also 
true of the so-called ' common sensations.' The ideas of space may be due to 
the sensory fibers of the muscular nerves only. This view was first upheld by 
Steinbaoh (" Beitrage zur Physiologic der Sinne," Numberg, 1811), and contested 
by Joh. MuUer ("Zur yergleichenden Ph3rsiologie des Gesichtssinnes," p. 52: 
Leipzig, 1826), but, in my opinion, on unsatisfactory grounds. Joh. Muller was- 
a supporter of Kant's doctrine of space, which likewise appears to me untenable* 
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Thus we have been satisfied to account for the absorption 
of food from the alimentary canal by the laws of diffusion and 
osmosis. But we now know that^ as r^ards osmosis^ the wall 
of the intestine does not behave like a dead membrane. We 
know that the intestinal wall is covered with epithelium^ and 
that every epithelial cell is in itself an organism, a living being 
with the most complex functions ; we know that it takes up 
food by the active contraction of its protoplasm in the same 
way as observed in independent naked animal cells, such as . 
amebse and rhizopods. Observations on the intestinal epithe- ^ 
lium of cold-blooded animals have made it obvious that the ' ^^ 
cells grasp the particles of fat contained in the food by means ; ij^^'^^p*** 
of protoplasmic processes which they send out; that they in- ■' ^>xvt^^^^ 
corporate the fat-globules with the protoplasm of the cell, ' ^ ' ^ 
which finally passes them on to the commencement of the \ 
lacteals.^ As long as this active intervention of cells was un- 
known, it was impossible to understand the remarkable fact \ 
that, although the minute drops of fat were able to pass \ 
through the intestinal wall, yet finely divided pigments, in- 
tentionally introduced into tiie intestine, remained quite un- 
absorbed. At the present time we know that all unicellular 
organisms possess the power of selecting their food, of taking | 
up the useful and rejecting the useless substances. In this j 
connection, I may relate an interesting observation made by / 
Cienkowski ' on an ameba, called the Vampyrella. "^ 

The Vampyrella Spirogyrce is a minute red-tinged cell 
devoid of any special limiting membrane, and apparently 
quite structureless. Cienkowski could find no nucleus in the 
cell, and the small granules observed in the protoplasm were 
probably only residues of nutrient matter. This minute mass 
of protoplasm will take but one form of food, a particular 
variety of algae, the Spirogyra. It can be observed to send 
out pseudopodia and to creep along the Confervae until it 
meets with a Spirogyra ; then it affixes itself to the cellulose 
coat enclosing one of the cells of the latter, dissolves the coat 
at the point of contact, sucks in the contents of the cell, and 
travels to the next to repeat the process. Cienkowski never 
saw the Vampyrella attack any other class of algae, or even 

^ R. Wiedersheim, has given an account of the older literature, together with 
his own investigations on this subject in the ** Festschrift der 56. Versammlung 
deutscher Naturforscher und Aerzte, gewidmet von der naturforschenden 
Gesellschaft eu Freiburg i. B." Freiburg und Tubingen : 1883 ; and 0. H. 
Theodor Eimer, Biolog, CerUralhl,, vol. iv. p. 580: 1884; and Heidenhain, 
Pfluger's Areh.^ vol. xliii., Suppl. : 1888. 

* L. Cienkowski, *' Beitr&ge zur Kenntniss der Monaden," Arch, /. mikrotk, 
^luUoiiMe, vol. i. p. 203 : 1865. 
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take up any other substance ; Vaucheriae, CEklogonise, purposely 
placed before it, were always rejected. 

Another monad, the Colpodella pugnaXf was observed by 
Cienkowski to feed exclusively on Chlamydomonas : " it punc- 
tures, as it were, the latter, absorbs the escaping chlorophyl, 
and departs." " The behavior of these monads," says Cien- 
kowski, " in their search after food and in their method of 
absorbing it, is so remarkable, that one can hardly avoid the 
conclusion that the acte are those of conscious beings." 

If this power of selecting food is possessed by the structure- 
less mass of protoplasm, why should it not also be a function of 
the epithelium of our intestine ? Just as the Vampyrella picks 
out the Spirogyra from amongst all other algae, so do the epi- 
thelial cells of our intestines select the fat-drops and reject the 
pigment-granules. We know that the epithelium of the in- 
testine prevents the absorption of a whole series of poisons, in 
spite of the fact that the latter are easily soluble in the gastric 
and intestinal juices. Indeed, we know that these poisons when 
injected into the blood, are excreted by the intestine. 

It was likewise once thought that the activity of glands 
and the processes of secretion were in the main explicable by 
osmosis. But we now know that here too the epitfielial cells 
play an active part. Here again we find the same mysterious 
power of selection, of picking out certain constituents of the 
blood, of altering them by processes of synthesis and decom- 
position, of sending some into the ducts of the glands, and 
others back into the lymph and blood. The epithelial cells of 
the mammary gland collect all the inorganic salts from the 
blood — which has a totally different constitution — in the exact 
proportion required by the infant, that its growth and devel- 
opment may assimilate it to its parents. These phenomena 
cannot at present be explained by the laws of diffusion and 
osmosis. 

All the cells of our tissues possess the same wonderful 
powers as the epithelial cells of the alimentary canal and of 
glands. Consider the mode of development of our organism : 
all tissue elements are produced from a single ovum, and in 
proportion as the cells increase by s^mentation, they become 
differentiated on the principle of the division of labor ; every 
cell acquires the faculty of rejecting some substances, of attract- 
ing others and storing them up, thereby attaining the composi- 
tion necessary for the due fulfilment of the functions it has to 
perform. But it is hopeless to offer a chemical explanation of 
this process. 

Just as little has it been possible, in other branches of 
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physiology besides that of iiutrition, to refer any single vital 
process to the laws of chemistry and physics. 

We have sought to explain the functions of nerve and 
muscle by the laws of electricity, and must now admit that 
electrical processes have been demonstrated with certainty to 
occur in the living organism only in a few fishes ; or even if we 
grant that electrical currents have been decisively proved to 
exist in muscles and nerves, we are bound to confess that the 
explanation of the functions of nerve and muscle is but 
slightly advanced thereby. 

It may be suggested that the physiology of the special 
senses offers a field for precise physical explanations. It is 
true that the eye is a physical apparatus, an optical apparatus, 
a camera obscura. The image on the retina is formed by 
the same unchanging laws of refraction as the image on the 
sensitive plate of a photographer. But it is not a vital process. 
The eye is absolutely passive in the matter. The image on 
the retina is formed in an eye separated from the body and 
dead. The development of the eye is a vital process. How is 
this complex optical apparatus formed? Why do the cells 
arrange themselves so as to produce this wonderful structure ? 
This is the great problem towards the sohition of which 
nothing has yet been done. The succession of events in de- 
velopment may indeed be observed and described, but of the 
wherefore, the causal connection, we know absolutely nothing. 
The process of accommodation is a vital process. Here again 
we have to deal with the old unsolved question of muscle and 
nerve. The same is true of the other organs of sense. We 
can explain physically nothing but those processes in which the 
organ is quite passively set in vibration by external impulses. 

The same is true of all other branches of physiology. We 
have endeavored to explain the phenomena of the circulation 
of the blood on a physical basis. The blood is certainly subject 
to the laws of hydrostatics and hydrodynamics, but it is per- 
fectly passive as regards circulation. No one has hitherto been 
able to explain the active functions of the heart and muscular 
wall by a reference to physical laws. An attempt has been 
made to explain the gaseous interchange which occurs in the 
lungs, by the laws of aerodynamics, of absorption and diffusion, 
and it is possible that the attempt may be successful. Here 
again, however, we are not dealing with a vital phenom- 
enon. The respiratory bellows being set into motion, the 
gases move in and out according to the unchangeable laws 
of dynamics, but we have to inquire how the respiratory bellows 
are formed and maintained, and how they are able to carry out 
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their movements. Throughout the whole process the gases 
play only a passive part. 

I maintain that all the processes of our organism capable of 
explanation on mechanical principles are as little to be r^arded 
as vital phenomena as the rustling of leaves on a tree, or as the 
movement of the pollen when blown from stamen to pistil. 
Here we have a form of motion essential to the phenomenon 
of life, and yet no one would consider it a vital act, simply 
because the pollen is quite passive under it. It does not in the 
least alter the main point at issue, whether the source of motion 
is formed by the kinetic energy of the wind, or by the sunlight 
which induces the wind, or by the latent chemical energy into 
which the sunlight has been converted.' 

The mystery of life lies hidden — in activity.^ But the con- 
ception of activity has come to us, not as the result of sensory 
perceptions, but from the study of our own internal conscious- 
ness. We transfer to the objects of our sensory perception, 
to the organs, to the tissue-elements and to every minute cell, 
something which we have acquired from our own consciousness. 
This is the first attempt towards a psychological explanation of 
all vital phenomena. 

If, as it thus appears, it ,is impossible to explain vital 
phenomena by the help of physics and chemistry alone, we 
must inquire what the other auxiliaries to the science of physi- 
ology — the morphological sciences, anatomy and histology — 
can do for us. 

I hold that there is at present but little likelihood of attain- 
ing our aim by their means. For when we have, with the aid 
of scalpel and microscope, carried our anatomical analysis to its 
utmost limit, to the simple cell, we still have the great prob- 
lem to face. The most simple cell — ^a formless, structureless, 
minute mass of protoplasm— exhibits all the essential processes 
of life, as nutrition, growth, reproduction, movement, reaction 
to stimulation ; it even displays functions which act at least as 
a substitute for the psychical powers of higher organisms. 
You will remember that it is so in the case of the Vampyrella, 
and I should like to call your attention to the still more re- 
markable observations which Engelmann has made on the 
ArcellsB.* 

^ Activity and life are perhaps two words for the same idea, or rather two 
words to which do definite idea is attached. And yet these vague terms are aU 
that we have at our command. Here we approach the most difficult problems, 
which have foiled all attempts at solution. 

* Th. W. Engelmann, " Beitrage zur Physiologie des Protoplasmas," Pfluger's 
Arch., vol. ii. p. 307: 1869. Compare also vol. xxv. p. 288, Note I. 1881; vol. 
xxvi. p. 644, 1881; vol. xxx. pp. 96, 97, 1883; and Max Verworn, Pfluger's 
Arch., vol. liii. p. 140, 1893. 
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The ArcellsB are also unicellular organisms^ but they are more 
complex thaD the Vampyrella^ because they have a nucleus and 
a shell. This shell has a convex-concave form. In the middle 
of the concave side of the shell is an opening from which the 
pseudopodia project, appearing as clear protuberances at the 
edge of the shell. If a drop of water containing Arcellse be 
placed under the microscope, it often occurs that one of them 
&lls on its back as it were, i. e., with the convex side downwards 
on the slide, so that the pseudopodia which appear at the edge 
of the shell cannot reach any support. It is then observed 
that, near the edge on one side, minute bubbles of gas make 
their appearance in the protoplasm; this side consequently 
becomes lighter and floats up, so that the animal now rests 
upon the opposite sharp edge. It is now able, by means of its 
pseudopodia, to grasp the slide and thus completely to turn 
over, so that all the pseudopodia are downwards. The gas- 
bubbles now disappear, and the animal crawls away. If a little 
water containing Arcellse be dropped on the under side of a 
cover-glass, and the latter be placed in a small gas-chamber, it 
is observed that the animalcules at first sink to the bottom of 
the drops. If they find nothing to lay hold of, large bubbles 
of gas are developed in the protoplasm, and as they are thus 
rendered specifically lighter than the water, they rise in the 
drops. If they reach the surface of the glass in such a position 
that they cannot attach themselves to it by their pseudopodia, 
the gas-bubbles are diminished on one side or increased on the 
other (sometimes simultaneously on both), until a tilting takes 
place and the edge of the shell comes in contact with the glass, 
and they are thus enabled to turn over. When once this is 
accomplished, the bubbles again disappear, and the animal can 
now crawl freely about the glass. If the Arcellse are carefully 
detached by means of a needle, they at first fall to the bottom, 
and then go through the same proceedings anew. Whatever 
attempt may be made to put them into an inconvenient position, 
they are always able, by the development of gas-bubbles of 
appropriate size and at the proper spot, to right themselves, so 
that &ey acquire a position favorable to locomotion ; and the 
attainment of this object is always followed by the disappear- 
ance of the bubbles. " It cannot be denied," says Engelmann, 
"that these facts point to psychical processes in the proto- 
plasm." 

Whether this view of Engelmann's is justified or not, I do 
not venture to decide. I will even unreservedly admit that 
these remarkable phenomena may find a mechanical expla- 
nation. I have brought these facts to your notice merely in 
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order to show you what complex manifestations of life we meet 
with, in eases where microscopical investigation has already 
reached its limit, and how little it has at present been possi- 
ble to explain any single vital process on purely mechanical 
grounds. For the cells of which our body is composed exhibit 
processes which are at least as complicated as those of the 
simple organisms. Every one of the innumerable microscopic 
cells of which our body is made up is a microcosm, a world in 
itself. 

It is a well-known fact that through one single spermato- 
zoon, through this minute cell, five hundred millions of which 
would hardly occupy one cubic millimeter, all the physical and 
intellectual peculiarities may be transmitted from father to son, 
or, even skipping the son, may again, by the agency of one 
single minute cell, reappear in the grandson. If this is really 
a mechanical process, how wonderful must be the molecular 
structure, how complicated the interchange of forces, how in- 
tricate the forms of motion, in this small cell which shall direct 
all subsequent forms of motion, and the mode of development 
for generations ! And how shall this minute structure transmit 
mental qualities ? Here we are utterly abandoned by physics, 
chemistry, and anatomy. 

Many centuries may pass over the human race, many a 
thinker's brow be furrowed, and many a giant worker be worn 
out, ere even the first step be taken towards the solution of this 
problem. And yet it is quite conceivable that a sudden flash 
of light may ilium hie the darkness. You would misunder- 
stand me, were you to take my exposition as a confession that I 
imagine that science has impassable boundaries. Science will 
continue to ask and to answer even bolder questions. Nothing 
can stop its victorious career, not even the limitations of our 
intellect. This too is capable of being made more perfect. 
There is no rational ground for thinking that the continuous 
progression, development, and ennoblement of type which 
has been going on for centuries on this planet, should come 
to an end with us. There was a time when the only living 
creatures were the infusoria floating in the primeval sea, and 
the time may come when a race may dominate the globe as 
superior to ourselves in intellectual faculties as we are to the 
infusoria. 

We must therefore unreservedly admit that the stupendous 
difficulties which at present beset physiological investiga- 
tions may finally be overcome. But for the moment it 
is not apparent how any further progress of importance can 
be made with the help of chemistry, physics, and anatomy 
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onlj. The smallest cell exhibits all the mysteries of life, 
and our present methods of its investigation have reached 
their limit. 

But we may improve our methods, we may acquire micro- 
scopes of still higher power than those we now possess. The 
cell which at present appears to be without structure, may 
show a nucleus when treated with some new stain. And the 
nucleus itself displays a structure so complex that it will soon 
require the entire attention of numerous observers for its 
adequate investigation and description. But unfortunately a 
complex structure is no explanation ; it only offers a new prob- 
lem as to its mode of origin. And moreover how little does 
our knowledge of this structure help us to understand even 
the simple processes observable in the Vampyrell and the 
Arcella ! 

For all this, physiological inquiry must commence with the 
study of the most complicated organism, that of man. Apart 
from the requirements of practical medicine, this is justified by 
die following reason, which leads us back to the starting-point 
of our remarks : that in researches upon the human organism 
we are not limited to our physical senses, but also possess the 
advantage afforded by the ^ internal sense,* or self-observation. 
In hd we may in this way approach the problems of physiology 
from two sides, just as in mining or tunnelling the workmen 
excavate from two directions, until those on one side hear 
dirough the intervening stone the strokes of the hammers of 
diose on the other. 

To the clear recognition of the value of this method, which 
enables us to attack the problem from two sides, is due 
Johannes Muller's great discovery of the law of the " specific 
energy of the senses," which is without doubt the greatest 
achievement both of physiology and psychology, and the exact 
basis of all idealistic philosophy.^ I mean the simple law, that 
the same stimulus, the same external phenomenon, acting on 
different organs of sense, always produces different sensations ; 
and that different stimuli acting on the same organ of sense 
always produce the same sensation. The phenomena of the 
outer world therefore have nothing in common with the sen- 
sation and ideas they call forth in us, and the states and proc- 
esses of our own consciousness are alone immediately subject 
to our observation and recognition. 

This simple truth is the greatest and deepest ever thought 

* In the disputation for his doctorate, Joh. Muller maintained the thesis : 
" PsychologuB nemo nisi Physiologus." The time wiU come when the converse 
thesis : " Physiologas nemo nisi Psycholog^is ** will stand in no need of defence. 
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out by the human intellect^ and leads us at once to a complete 
understanding of what constitutes the essence of vitalism. 
The essence of vitalism does not lie in being content with a 
term and abandoning reflection, but in adopting the only right 
path of obtaining knowledge which is possible, in storting from 
what we know, the internal world, to explain what we do not 
know, the external world. 

The opposite and erroneous view is adopted by mechanism, 
which is no other than materialism; it starts fix)m the un- 
known, the external world, to explain the known, the internal 
world. 

The physiologist is continually being driven back to 
materialism by the fact that in psychology no attempt has 
yet been made to attain an exactness to which the studies of 
physics and chemistry have accustomed us. It cannot be 
denied that, although nothing is so immediately under observa^ 
tion as the conditions and processes of our own consciousness^ 
it is precisely on this subject that our knowledge is most 
vague and uncertain. There are numerous reasons for this. 
The object is more complicated, the qualities are much 
more numerous, than in the outer world; moreover, the 
states and processes in our consciousness are ever undergoing 
rapid variations ; and, finally, we possess at present no 
means of quantitatively estimating the objects of our internal 

So long as psychology remains in this condition, we cannot 
arrive at satisfactory explanations of vital processes. In most 
branches of physiology, there is nothing to be done but to 
proceed along the same mechanical lines. This method is 
undoubtedly valuable ; we must endeavor to advance as far 
as possible by the sole help of chemistry and physics. What 
these sciences fail to achieve will stand out more prominently, 
and thus the mechanical theories of the present will assuredly 
carry us eventually to the vitalism of the future. 

The views put forward here have been attacked from various 
quarters, e, g., by R. Heidenhain,^ E. du Bois-Reymond,* Max 
Verwom,' A. Mosso,* &c. 

All the objections raised by these authors can be summed 
up in the single sentence with which I b^an my discussion of 
the subject, viz., " It would indeed be a lack of intelligence to 

^ Heidenhsin, Pfluger's Archiv,, vol. xliii. ; Sappl., pp. 61-64, 1888. See also 
mj replj to the same, Pfluger's Archiv,, vol. xliv. p. 270, 1889. 

* £. da Bois-Reymond, SiUungtb, d, k, preuu, Akad, d, WUt. s. Berliii^ 
June 28, 1894. 

* M. Verwom, " Allgemeine Physiologie," p. 50, Jena, 1895. 

* A. Mosflo, Bevue Sdientifique, 4th series, vol. v. p. 1, Jan. 4, 1896. 
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expect, with the same senses, to make discoveries in living 
nature of a different order to those revealed to us in inorganic 
nature " {tfide p. 2). 

These authors have left untouched the central point of the 
whole question, viz., the impossibility of giving a mechanistic 
explanation of psychical processes, and have forgotten that these 
processes form the immediate object of our experience, the 
most real of the real. 

It is quite open to any one who objects to the term vitalism 
to replace it by another, such as idealism, scepticism, empiri- 
cism ; but that will not alter my contention. I have only 
shown how the metaphysical speculations and dogmas are in 
direct variance with the immediate results of observation and 
experience, f. c, empirical psychology. The hypotheses on which 
the mechanistic explanation of natural phenomena is based, 
such as the atomic theory, the wave theory of light, the mecha- 
nical theory of heat, are all of them purely metaphysical 
speculations, t. e., att^npts to gain an insight into the essential 
nature of things as they are, in contradistinction to that which 
they appear to us to be. Such hypotheses can only be arrived 
at by projecting certain conceptions of our inner consciousness 
into the outside worlds-conceptions such as those of space, 
time, quantity, number, force. So fer we have not found it 
any advantage to project in this way other of our conceptions, 
although some philosophers have made such an attempt. The 
physicist wisely limits himself to measuring the quantity of 
objects, and does not attempt to form a judgment as to their 
quality. 

Now however the mechanists come and, crab-like, reverse 
the whole process. Having b^un by ascribing certain quali- 
ties, which were a pure product of their inner consciousness, to 
external things, they proceed to use the same conceptions to 
explain all vital phenomena, and imagine that by help of these 
threadbare and scanty conceptions they have explained the 
manifold activities of the inner world of consciousness. 

In fact we have no grounds for assuming that our internal 
world, the world of consciousness, is necessarily and entirely 
bound up with certain parts of the brain. For we must re- 
member that our consciousness arises by inheritance through 
a simple cell, from which, by repeated division, all the cells 
and tissues of our body are derived, including those of the 
brain and cerebral hemispheres, and other parts of the nervous 
system. Now the history of the evolution of function must 
run parallel with that of the evolution of structure. We cannot 
indeed suppose that, as we trace the animal kingdom down- 
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wards to the unicellular organisms^ the conscious life of the 
individual ceases at that exact point where a brain is no longer 
present, or even where we can no longer make out a specially 
differentiated nervous system. May it not be possible that 
every cell and every atom is really a conscious being, and that 
all life is conscious life? 



LECTURE II 

THE CIRCULATION OF THE CHEMICAL ELEMENTS^ 

The object of physiological chemistry is to investigate the 
chemical processes of the living organism, and to consider the 
relation of these processes to vital phenomena. We shall con- 
fine ourselves to a consideration of these processes as they occur 
in man and the higher animals. It may appear erroneous to 
commence the study of the most complex organisms before 
obtaining a general knowledge of the chemical processes of the 
more simple ; but since no physiological chemistry of the latter 
as yet exists, there is no choice left to us. The little that is 
known on this subject will be introduced, as occasion offers, 
when we come to discuss the metabolism of the higher animals. 

Before we approach our subject, we must consider the 
various chemical elements and forces concerned in vital mani- 
festations, as they present themselves in organic and inorganic 
nature. Nature must be considered as a whole if she is to be 
understood in detail ; there must be a clear comprehension of 
the great unchanging laws which are equally applicable to liv- 
ing and inanimate things. 

Twelve chemical elements enter into the composition of all 
living beings without exception : carbon, hydrogen, oxygen, 
nitrogen, sulphur, phosphorus, chlorin, potassium, sodium, 
calciiun, magnesium, and iron. 

Carbon occurs, on the surface of our planet, chiefly united 
with oxygen in the form of carbonic acid. Of this only a small 
part exists free in the atmosphere, or absorbed in water. The 
greater part is united with such bases as lime and magnesia, 
and forms gigantic strata of the earth's crust. Only a com- 
paratively small amount of carbon occurs in a free state as 

^ The beginner who desires to make himself more fully acquainted with the 
subject of the present chapter is particularly recommended to study Liebig's great 
work, '* Chemistry in its Applications to Agriculture and Physiology," 1840, 8th 
edit., 1865. The scientific enthusiasm which our great teacher imparted during 
his life to all who came into contact with him still si>eaks from every page of 
this work. Those who wish to familiarize themselves with more modem achieve* 
ments should read Adolf Meyer's "Text-book of Agricultural Chemistry" 
(Heidelberg, 1886), in which will be found a full account of the original literature 
on the subject. 

18 



14 LECTUBE n 

coal^ and a still smaller quantity as graphite and diamond. 
Ck>al is^ as we well know^ the residue of plants^ and plants 
derive their carbon from the carbonic acid of the atmosphere. 
Apart then from graphite and diamond, the mode of formation 
of which is still unknown^ it may be said that all the carbon 
on the earth is or has been in the form of carbonic acid, and 
that carbonic acid is the compound through which carbon must 
always pass in ite innumerable metamorphoses. It is in this 
form that carbon appears in the cycle of life ; in this form 
alone it is taken up by plants and converted into the numerous 
combinations of which they are composed. Carbon is intro- 
duced into the animal organism as v^etable food, and is 
excreted either as carbonic acid or in the form of compounds, 
such as urea, which very rapidly decompose outside the 
organism, and yield carbonic acid. Carbon then leaves the 
cycle of life in the same form in which it entered, and returns 
to the atmosphere to repeat the process anew. 

Hydrogen is found only in traces as a free gas. In in- 
organic nature it occurs almost exclusively in the form of 
water, but a minute quantity appears as ammonia. Hydrogen 
is taken up by plants in the form of water and ammonia only ; 
it enters into the constitution of the organic compounds of the 
plants which serve as food for animals ; it leaves the animal 
organism again in the form of water and ammonia, or in the 
shape of compounds which rapidly split up into these two 
bodies. 

Oxygen is the most widely distributed of all elements on 
the surface of the globe ; it forms nearly one-fourth by weight 
of the atmosphere, eight^ninths of the weight of water, and 
about half the weight of the earth's crust, which is made up 
almost exclusively of oxygen-compounds. Oxygen is the only 
element which enters the living organism in a free state, but 
it does so only in part, and in the case of plants only to a very 
small extent. The chief bulk of the oxygen enters the organi- 
zation of plants as water and as carbonic acid. By the aid of 
sunlight, the plants split off from these combinations a part of 
the oxygen, and form compounds richer in carbon and hydro- 
gen, which as food-stuffs are taken into the animal body, where 
tiiey again unite with oxygen, and are returned as carbonic acid 
and water to the air. 

By this antagonism between the animal and v^etable king- 
doms, the balance of carbonic acid and oxygen is maintained in 
the atmosphere : the plant yielding the oxygen which the animal 
requires, while the animal in its turn gives out the carbonic acid 
needed by the plant. 
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We may now ask whether this balance will always be 
maintained. Even should it not be disturbed by vital proc- 
eaaes, may there not be agents at work in inorganic nature, 
which, by their action on the atmosphere, may increase or 
diminish those of its constituents necessary to existence? 

As regards carbonic acid, the geologists are of opinion that 
there was formerly a larger amount in the atmosphere. What 
are the causes of this dmiinution ? are they still at work ? and 
have we to look forward to a continuous decrease in the bulk of 
this gas? 

One of the causes of the diminution of carbonic acid is not 
fitr to seek, i. e., the formation of coal strata from plants which 
in their turn have derived their carbon from the carbonic acid 
of the atmosphere. At the same time, the amount of carbon 
taken up in tiiis way appears to be comparatively small. And 
even if the formation of coal is still going on under the sea, 
on the other hand carbonic acid is being unceasingly returned 
to the atmosphere from thousands of chimneys. We need 
scarcely fear a diminution of carbonic acid from this cause. 
But there is another one of far greater importance : I mean 
the displacement of the silicic acid from the stone of the earth's 
crust by the carbonic acid of the atmosphere — the union of 
carbonic acid with the bases previously existing as silicates. 
The rocks, which form the solid crust, consist principally of 
silicates and carbonates — of compounds of silicic and carbonic 
acids with lime, magnesium, oxid of iron, and alkalies. Now 
each acid is always trying to prevent the other from combining, 
and to unite itself widi the basic constituents. Silicic acid and 
carbonic acid are 'Hhe two great powers in the construction 
of the earth," and are always at war with each other, with 
alternate victory and defeat on each side. As soon as the car- 
bonic acid succeeds in obtaining complete mastery over the 
silicic acid, all organic life must cease on our planet. 

The chemical affinity of carbonic acid to the basic con- 
stituents of the rocks is closer than that of the silicic acid, in 
the cold and in presence of water ; the carbonic is the more 
powerAil acid on the earth's sur&ce, where it is obtaining a 
slow but sure victory. Every wave breaking against the cliffs, 
every ripple which washes die flinty bed of the river, every 
drop of rain which fidls to the ground contains carbonic acid in 
solution, and slowly but surely destroys the hardest rock ; the 
carbonic acid unites with the basic constituents, and the dis- 
placed silicic acid, combined with the residue of the bases, 
sinks to the bottom of the water, where as clay or sandstone 
it gradually forms massive strata of the earth's surface. But 
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the carbonic acid, .united with lime or magnesium, is likewise 
precipitated, mixed either with part of the decomposed silicates 
in the form of marl, or in separate strata as limestone and 
dolomite. Half the entire weight of the thick calcareous strata, 
which compose a very large part of the earth's crust, consists of 
carbonic acid, derived from the atmosphere, and which has 
apparently been withdrawn for ever from the cycle of life. 

But the struggle between the two acids wears another 
aspect in the interior of the earth. At the higher temperature 
which prevails there, the silicic acid is the more powerful. In 
the depths of the earth it attacks the carbonates, and the 
carbonic acid which is driven off escapes into the atmosphere. 
This carbonic acid is continually issuing from all active vol- 
canoes, and also from other cracks and fissures in various parts 
of the earth. The quantity which is thus returned to the 
atmosphere cannot be determined, but it seems probable that 
it is much less than what is constantly being removed in the 
form of chalk and carbonate of magnesia. If it is true that 
our planet is steadily becoming cooler and its crust thicker, the 
factor which aids the silicic acid, the warmth of the earth itself, 
must continually decrease, and thus leave nothing to dispute 
the rule of carbonic acid ; hence organic life must terminate. 

In like manner as carbonic acid, a second constituent of the 
atmosphere, oxygen, is constantly becoming fixed in the crust 
of the earth, and thus removed from the cycle of vital phe- 
nomena. The constituent of the earth's crust which binds it 
is the ferrous oxid resulting from the decomposition of certain 
silicates. This becomes oxidized to ferric oxid, which, as is 
well known, forms by itself considerable strata, and occurs in 
still larger quantities mixed with other materials, as clay, loam, 
sandstone, and shale. One-third of the oxygen in these huge 
masses of ferric oxid is derived from the atmosphere. A part 
of this oxygen may return to the atmosphere, for, when the 
oxid of iron comes into contact with decomposing organic 
substances, the latter abstract part of its oxygen. As a result 
of the oxidation of the organic substances, carbonic acid is 
returned to the atmosphere, where it may again be decomposed 
by plants, thus liberating oxygen. But this activity of plants 
is the only process by which oxygen is set free on the earth's 
surface, and it is very questionable whether it is of itself 
sufficient to counterbalance the consumption of oxygen in 
respiration, putrefaction, combustion, and oxidation of the 
compounds of iron and sulphur. 

It thus appears that a substance of great importance in the 
nutrition of plants, free carbonic acid, and a substance essential 
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to the maintenance of all organic life, free oxygen, are contin- 
ually diminishing, and that the time is slowly but surely ap- 
proaching when the conditions necessary for our existence will 
no longer prevail, and when all life will become extinct on this 
planet. 

We will now turn our attention to the nitrogen, the fourth 
and last of the elements which organic nature derives from the 
atmosphere directly or indirectly. Nitrogen is characterized 
by its small affinity for other elements. For this reason the 
greater part of the nitrogen is found in a free state ; it forms 
four-fifths of the atmosphere. Only a minute portion is found 
in inorganic nature in the form of compounds : this is the 
nitrogen of ammonia, and of its products of oxidation, nitrous 
and nitric acids. Nitrogen enters organic nature in the form of 
these compounds only. The great bulk of free nitrogen has 
no part in vital processes, for the plant cannot assimilate it. 
So fer the assimilation of atmospheric nitrogen has been proved 
to occur only in certain bacteria. 

Now, since the quantity of fixed nitrogen existing in nature 
is very small, and since plants cannot utilize the other constit- 
uents of their food unless an appropriate quantity of fixed 
nitrogen be taken up at the same time, it is obvious that the 
total number of organic beings which can simultaneously exist 
on the earth must depend in the first instance on the amount of 
fixed nitrogen available. It is therefore a question of the great- 
est interest to know by what means the amount of fixed nitrogen 
is increased or diminished. 

The process of life itself does not alter the sum total of fixed 
nitrogen. Nitrogen is taken up by the plants as anmionia, ni- 
trites, and nitrates, and is converted into and forms part of nu- 
merous and most complicated substances, chiefly proteids. In 
the latter form it enters the animal economy, where the proteid 
breaks down into urea, uric acid, and other compounds, which 
rapidly decompose outside the organism and yield ammonia. 

The bacteria mentioned above form an exception to this rule. 
On the roots of l^uminosae we may find small nodules, which 
are produced by an infection with certain bacteria, the two 
organisms, plant and bacteria, being symbiotic. If the l^u- 
minosse are grown on a sterilized soil these nodules are not 
formed, and the plants attain only a slow and imperfect de- 
velopment, the amount of proteid formed in them being 
abnormally small. If however the soil be inoculated with 
the proper species of bacterium, the nodules soon make their 
appearance ; the plants grow luxuriantly, and form large 
quantities of proteid out of the combined nitrogen of the 

2 
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8oil.^ It might have been expected that other microorganisms 
might have been found to possess the same properties. Up to 
the present, however, only one other species of bacterium, the 
Clostridium pasteurianum, has been found to possess the capacity 
of fixing free nitrogen.' 

But in inorganic nature there must be &ctors at work 
which produce fixed nitrogen. Such a process has been rec- 
ognized in atmospheric electrical discharges. It has been 
estobliflhed by numerous «periment8 that, by means of electric 
discharges, nitrogen is united with oxygen to form nitric acid, 
and that, by sending electric sparks through a damp atmos- 
phere, nitrogen and aqueous vapour combme to form nitike of 



ammonia.' 



2N + 2H,0 = NH4NO, 



This process occurs on a large scale in every thunderstorm, 
the products being conveyed to the ground by the rain. 
Schdnbein has pointed out a second process, viz., that wherever 
evaporation occurs, minute traces of nitrite of ammonia are 
formed in the air. The evaporation which is constantly going 
on from the surfiice of the plants themselves, may therefore be 
a source of combined nitrogen for them. 

It follows that the whole store of fixed nitrogen is con- 
stantly increasing from various sources. Organic life would 
therefore develop with ever greater luxuriance were it not 
for the operation of other causes, by means of which combined 
nitrogen is again set free. This is effected by combustion. 
The burning up of vast forests of wood by man, which has 
been going on for thousands of years, detracts from the store of 
fixed nitrogen, to which animals and plants owe their exist- 
ence ; the total of life is no doubt diminished thereby, and the 
fertility of the soil must decrease. For this reason the pro- 
ject of cremation, recently introduced, should be abandoned, 
although the amount of fixed nitrogen destroyed in this manner 
would be much less than it is in consuming forests as fuel. 
Combined nitrogen is further destroyed by igniting gunpowder 
or other explosives, which are all derivatives of nitric acid. In 
this sense it may be affirmed that every shot from a fire- 

* W. O. Atwater and C. D. Woods, Amer, Chem, Joum,, vol. vi. p. 366, 1884 
vol. xii. p. 266, 1890; vol. xiii. p. 42, 1891. H. HeUriegel and H. WUlfarth 
"Unten. ub. d. Stickstoffnahrung d. Gramineen u. Leguminosen." Berlin, 
1888. This discovery has been repeatedly confirmed by experiments of Beyer- 
ink, B. Frank, Br^al, Berthelot, Nobbe, and others. 

« 8. Winogradsky, Arch, d. Set, hioL, St. Petersburg, vol. iii. p. 297, 1895. 

•Berthelot, Bull. Soc. Chim, (2), t. xxvii. p. 338; Ann. Chim. Phy: (6), t. 
xii. p. 445, 1877. 
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arm kills, that it destroys life whether the ball strikes a living 
being or not. For no Ufe is lost by the death of the individual ; 
from the decay of the body equivalent new life arises. But 
the destruction of combined nito)gen means the definite dimi- 
nution of the capital, upon the amount of which the total num- 
ber of living beings depends. 

These views of mine have been objected to on the grounds 
that certain bacteria have the power of fixing nitrogen, so that 
the burning of forests and dead bodies cannot be regarded as a 
spoliation of the capital of life. This is analogous to saying 
that a man may be robbed if he is going to inherit property. 
The formation and the destruction of fixed nitrogen are not 
mutually dependent processes. An increase in destruction 
does not imply an increase in formation, and the sum of life is 
therefore diminished. So long as there are fields where the 
ammonia of the soil is at a minimum, so long must the burn- 
ing of plants and animals be r^arded as a spoliation of living 
nature. 

In the world about twenty men per thousand die every year, 
so that in fifty years the toted number of deaths corresponds 
approximately to the total number of inhabitants on the globe, 
f. e., about t&a human beings to every square kilometer of land. 
(The total area of land on the earth's surface is 135 million 
square kilometers, and the total number of inhabitants about 
1500 millions.) Thus if all dead bodies were burnt, they 
would amount in fifty years to ten per square kilometer, and 
in 5000 years to 1000 corpses. Can it be imagined that such 
a process would have no efifect on the fertility of the soil? 
Adolf Meyer, in his " Text-book of Agricultural Chemistry " 
(part ii. p. 303, 1886), states that already it is no longer 
possible to obtain a proper yield from our cultivated lands with- 
out recourse to artificial manures containing combined nitrogen. 

All the arguments which have been brought forward 
against burial are really only applicable to the interment of 
a number of bodies in a confined space, such as a churchyard, 
and have no weight against the only rational mode of disposal 
of the dead, viz., their distribution as widely as possible over 
the woods and fields. With all our improved means of com- 
munication this should be an easy task. The contamination of 
our water by dead bodies is n^ligible compared with that 
from sewage. It is absurd to cremate only the smaller part, 
and if we begin to destroy by combustion our excreta as well 
as our dead bodies, there will soon be a perceptible loss of fer- 
ility to the soil. 

The remaining eight elements are derived by the plant 
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from the soil. Sulphur is widely distributed in inorganic 
nature as sulphates of the alkalies and alkaline earths. It 
enters the vegetable organism in this form, and takes part in 
the building up of the proteid molecule, in which it amounts 
to about 0.3 to 2 per cent, of the weight. It is chiefly taken 
up by the animal organism in the form of proteid, and is 
excreted for the most part in the highest oxidized condition as 
sulphuric acid, derived from the splitting up and oxidation 
of the proteid molecule. In this form, united with alkalies, 
it is again ready to repeat the cycle of life. 

The course of phosphorus is very similar. It occurs in the 
inorganic world only in a high state of oxidation as phosphoric 
acid united with bases, especially with alkalies and alkaline 
earths, and enters the plant only in this form. 

Although phosphoric acid is widely distributed over the 
whole surface of the globe, its amount in most soils is very 
small. As in the case of nitrogen, the quantity present in a 
field may be so little that vegetable life is unable to convert 
all the other elements into food. In rare cases this is also 
true of potassium ; but there is never a lack of the remaining 
nutrient substance. In agriculture it is therefore of the greatest 
importance to determine which of these three elements is most 
deficient in any given soil. The fertility of the land will 
depend on the quantity of the substance of which there is 
a minimum. This is the important law which agricultural 
chemistry designates as the " Law of the Minimum." The 
element which is present in the smallest quantity must be 
supplied to the soil by artificial manuring. It is generally 
phosphoric acid ; hence the use of bone-dust, apatite, and the 
like. 

In the plant, phosphoric acid takes part in the formation 
of very complicated combinations — of the various forms of 
lecithin and nuclein, which are integral constituents of every 
vegetable and animal cell. It is chiefly in these combinations, 
and only to a small extent as salts, that phosphorus enters the 
animal body, which it leaves in the same form that it entered 
the plant — as a phosphate. 

The circulation of chlorin is very simple ; it occurs in 
nature only in the form of salts, chiefly united with sodium and 
potassium. In this form it enters and leaves the cycle of life. 
It takes no part in the formation of organic comjx)unds. 

The same is true of sodium, potassium, calcium, and 
magnesium. They occur in the inorganic world only as salts, 
enter plants as such, combine very loosely with organic matter, 
and are excreted from the animal body also in the form of salts. 
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Iron never occurs on the surface of the globe as a free 
metal^ but chiefly in union with oxygen as ferrous and ferric 
oxides. The former is a strong base, and forms neutral salts 
with all acids. Ferric oxid is only a weak base, and is unable 
to fix carbonic acid. Ferrous silicates, when decomposed by 
atmospheric carbonic acid, yield ferrous carbonate, which is 
soluble in water containing carbonic acid, and is distributed by 
water all over the earth. But as soon as it comes in contact 
with the atmosphere, it is oxidized to ferric oxid, and the 
carbonic acid, being set free, is returned to the atmosphere. 
The ferric oxid, when it comes in contact with decomposing 
organic matter, is reduced, and ferrous carbonate is again 
formed and carried off by water, until it again comes in 
contact with air, and again aids in the oxidation of vegetable 
and animal refuse. Iron is therefore an indefatigable oxidizing 
agent. The iron prevents the retention of carbon in the soil, 
and enables it to return to the atmosphere, and thus to reenter 
the cycle of life. 

The process of oxidation is rather more complicated when 
sulphur is present. Sulphur also acts as a carrier of oxygen. 
If decomposing organic substances meet simultaneously with 
oxids of iron and sulphates, 6. jr., gypsum, not only is the 
oxygen of the oxids completely taken up, but that also of the 
sulphuric acid, sulphid of iron being formed. The latter, in 
the presence of air, may again be oxidized to sulphuric acid 
and ferric oxid, and then again act as an oxidizing agent. The 
sulphur required for the formation of sulphid of iron after the 
reduction of ferric oxid, may be yielded by decomposing 
organic matter itself, since this always contains proteid and 
consequently sulphur. In fact the organic sulphur compounds 
have themselves been formed in plants by the reduction of 
sulphates. 

Iron plays the same part in our organism as it does in the 
earth's crust, the part of oxygen-carrier. Only the iron in our 
organism does not occur as ferric and ferrous oxids, but as a 
complex organic compound, the most complicated body which 
has hitherto been investigated with precision, and which con- 
tains at least seven hundred atoms of carbon in its molecule. 
This is the red coloring matter of the blood, hemoglobin, 
which, as oxy-hemoglobin, a loose compound with oxygen, 
corresponds to the ferric oxid, and, as reduced hemoglobin, to 
ferrous oxid. Hemoglobin also contains sulphur, and it may 
be that the sulphur of hemoglobin, and of all other proteid 
bodies, still retains its function as an oxidizing agent. At any 
rate, it cannot be to the iron alone that this property is due, 
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since, as we shall see in the seventeenth lecture, the amount of 
loosely combined oxygen is much too large. 

The enormous size of the hemoglobin molecule finds a teleo- 
logical explanation if we consider that iron is eight times as 
heavy as water. A compound of iron which would float easily 
along with the blood-current through the vessels could only 
be secured by the iron being taken up by so large an organic 
molecule. 

Hemoglobin first makes its appearance in the animal 
organism. It does not exist in plants. The plant has the 
power of assimilating inorganic compounds of iron, and of 
using them for building up complex organic compounds, which 
have not yet been sufficiently investigated. From these 
bodies the hemoglobin is produced in tiie animal economy 
(vide Lecture XXV.). 

Iron likewise plays an important part in v^etable life ;^ 
we know that chlorophyl granules cannot be formed without 
it. If plants are allowed to grow in nutritive solutions free 
from iron, the leaves are colorless, but become green as soon 
as an iron salt is added to the fluid in which the roots are im- 
mersed. It is even sufficient merely to brush the surface of 
the colorless leaf with a solution of an iron salt to cause the 
appearance of the green color in the part thus painted. 
Qilorophyl itself contains no iron, and we do not know in 
what way the iron is concerned in its production. It seems 
however that there is a proportionality between the amount 
of iron and that of chlorophyl in any given part of the plant. 
Thus Boussingault ' found .0039 per cent. Fe in the green 
leaves of a cabbage, while the inner etiolated leaves contained 
only 0.0009 per cent. Fe. 

It is not yet known in what form and by what path iron 
leaves the animal body. Urine contains scarcely perceptible 
traces of iron, probably as an organic compound. The feces 
always contain a considerable quantity of sulphid of iron. 
But it cannot be determined how much of this is derived fix)m 
the food, and how much from the digestive secretions. Outside 
the body, the sulphid of iron is converted by the atmospheric 
oxygen into sulphuric acid and oxid of iron, and the cycle is 
complete. 

In addition to the twelve elements alluded to, the follow- 
ing elements are met with in certain organisms, though they 

^ Moliflch {" Die Pflanze in ihren Beziehungen zum Eisen ") gives an account 
of the botanical literature on tlie relations of iron in plants. 

' BoussinKault, Conipt, rend., vol. Ixxiv. p. 1356: 1872; £. Hiuaermann, 
Zeittekr. f. pkysiofoff, Chem., vol. xxiii. p. 587: 1897. 
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are not always an integral part of their composition : silicon, 
fluorin, bromin, iodin, aluminiom, manganesCi and copper. 

SnJCOM does not occur in the free state, but only as silicic 
acid. This compound, as already mentioned, is amongst the 
most widely distributed bodies in the earth's crust. The alkaline 
salts of silicic acid are soluble in water, and the free acid, when 
liberated by carbonic acid from certain silicates, at first appears 
as a hydrated acid apparently in a state of solution, in what is 
known as a colloid condition (see Lecture IV.). Probably 
plants absorb silicic acid in both these forms. AU the higher 
plants seem to contain silicic acid. Among cryptogamic plants, 
the reeds and grasses are distinguished by the large amount of 
silicic acid they contain. Certain unicellular algss (the Dia- 
tomaceffi) cover themselves with a shell of silica. Silicic acid 
is said to be absent from the ash of certain frmgi. 

But it would not appear that silicic acid plays any im- 
portant part in the economy of the higher plants, lliis is 
shown by the following experiments on the graminaceee, which 
are rich in silicon, as wheat, oats, maize, barley. When these 
plants are allowed to germinate in nutrient fluids free from 
silica, so that they can only obtain mere traces of silicic acid 
fit)m the glass vessel containing the solution, they develop 
completely, and pass through a perfectly normal course of life. 
In the ash of maize grown in this way, only 0.7 per cent, of 
silicic acid was found, whilst, under ordinary conditions of 
growth, 20 per cent, is the average quantity.^ 

Whether silicon exists in plants only as silicic acid, or 
whether it forms more complex compounds, has not been 
ascertained. Silicon is a tetravalent element, like carbon. 
Silicic acid is quite analogous in its composition to carbonic 
acid. Hence a probability that silicon could form numerous 
compounds which would bear the same relation to silicic acid 
as the organic compounds do to carbonic acid ; and, as a matter 
of fact, Friedel and Ladenburg ^ have succeeded in preparing a 
series of such compounds. But their existence in plants has, 
up to the present time, not been detected.' 

Silicic acid is taken up by animals in the form of v^etable 
food. It is absorbed by the alimentary canal, and passes 
through all the tissues; hence minute traces can be demon- 

^ Sachs, " Flora/' p. 52 : 1862 ; and WochenblaU der Annalen der Landwirth- 
«cAa/l, p. 184: 1862. 

* C. Friedel and A. Ladenburg, Compt, rend., vol. Izvi. p. 816 : 1868 ; and 
vol. Ixriii. p. 920: 1869. Ber, d, detUseh, ekem, Oes,, p. 901: 1871; and pp. 
319, 1081 : 1872. 

* I^enborg, Ber. d, deuUch, ehem. Ota,, vol. ▼. p. 568 : 1872 ; W. Lange, 
ibid,, vol. xi. p. 822 : 1878. 
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strated in every organ. It is contained in considerable quantity 
in the urine of herbivorous animals, and in sheep sometimes 
occasions stone in the bladder. It appears however to be of 
importance only in the development of hairs and feathers/ the 
ash of which is always rich in silicic acid. The constant pres- 
ence of silicic acid in ^gs points to its being essential in the 
development of birds. 

Fluorin has been found in very small quantity in some 
plants and animals. It is difficult to detect/ and it may 
possibly be more widely existent in organic nature than has 
been suspected. It is invariably found in the bones and teeth 
of men and mammals, although we have not yet succeeded in 
ascertaining the exact amount by our present methods. It is 
also said to have been detected in the blood of mammals and 
of birds.^ Recently, G. Tammann,* by means of careful deter- 
minations, has found .001 per cent, fluorin in the yolk of ^gs, 
.0007 per cent, in calves* brains, and .0003 grms. in one liter 
of cow's milk. In 3000 ccm. of cow's blood, the presence of 
fluorin could be qualitatively detected. Small quantities of 
fluorin are distributed everywhere in the earth, in the form 
of fluorspar and apatite ; therefore plants are never without it. 
It acts perhaps differently in the nutrition of men and animals. 
It would be very interesting to have the exact amount of 
fluorin in our food determined, and also the quantity we really 
need of it. At any rate, the above-mentioned "law of the 
minimum '' holds good for animal as well as for vegetable 
growth. It is conceivable that milk, although rich in the most 
important substances of nutrition, might yet be useless for 
the growth of the infant, for want of the necessary trace of 
fluorin. 

Bromin and iodin are present in many kinds of sea- 
weed, and thus pass into the system of marine animals. A 
collected account of the organisms containing iodin, which 
have been utilized for therapeutic purposes, has recently been 
published by E. Hamack.* The horny axial skeleton of a 

^ [It is interesting to note that Drechsel, in his last published paper, has 
described an organic silicon compound, viz., a cholesterin ester of silicic acid, as 
occurring in birds' feathers. This is the first organic silicon compound which 
has, so far, been found to occur in nature. Centralbl, /. Phytiol,^ yol. xi. pp. 
361-363: 1897.] 

'See G. Tammann, ZeiUehr.f, analyt. Chem., vol. xxiy. p. 328: 1885, where 
an account of the literature on the methods of detecting fluorin wUl also be 
found. 

»G. Wilson, Trans, of the Brit, Ast, for the Adv. of Sci., p. 67: 1851 ; 
and J. Nicl&s, Compt, rend,^ vol. xliii. p. 885 : 1856. 

^ Q. Tammann, ZeiUehr, /. physiol, Chem,, vol. xii. p. 322 : 1888. 

* E. Hamaok, Munch, mid, Wochentchr,, No. 9 : 1896. 
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species of coral (Gcrgonia^) is rich in iodin, part of which 
at any rate is in organic combination. lodin is however also 
contained in small quantities in many land plants as well as 
in fresh-water animals, such as the fresh- water sponges (Spongia 
fiuviatUis). 

Universal attention has recently been attracted by Baumann's 
discovery of iodin in the thyroid gland of men, sheep, pig, 
and apparently many other mammals.^ Further investiga- 
tions have shown that iodin is also contained in the thymus,' 
the spleen, and the pituitary body of man,^ and in the ovaries ^ 
of the cow and pig. In all the animal and v^etable organisms 
just mentioned, the iodin is present for the greater part as an 
organic compound, although only the iodin compound of 
Groigonia has been hitherto isolated as a chemical individual in 
a crystalline form.* This compound is an acid of the comjx)- ui-ti^-c^ii- 
sition C^HgNIOj. Drechsel suggests that it is an amido-iodo- ^ ^ 

butyric acid, and has proposed to call it, for the present, iodo- 
gorgonic acid. 

We kno w absolut ely nothing as to the 8ifi ;nificance_of i odin 
for any vjjtff l fiinctions . 

Aluminium is one of the elements most frequently met 
with. Its sesquioxide, alumina, is found, united with silicic 
acid, in almost all crystalline rocks which form the larger 
portion of the great mountain ranges. Mixed with the prod- 
ucts of disintegration of these rocks it is found everywhere 
in ample quantity in the soil. It is therefore very remarkable 
that alumina takes little or no part in the metabolism of living 
beings. It has been shown positively to exist in any noticeable 
quantity only in a few plants, especially in a few kinds of 
lycopodium, in the ash of which it amounts to over 57 percent. 
We do not know whether it is essential for these plants, nor of 
what use it is to them ; no experiments have yet been made to 
decide this question. Alumina has not yet been detected in the 
animal body. 

Manganese is found in considerable quantity in the ash of 
a few plants, although nothing is known concerning its sig- 
nificance in vital processes. Traces of this metal are found all 
through the v^etable kingdom, and occasionally in the animal 
body. 

^ E. Drechsel, CerUralbl, f. PkyrioL, vol. ix. p. 704; 1895 ; and ZHUchr, /. 
Bioloff,, Tol. xxxiii, p. 96 : 1896. 
' Compare Lecture XXIX. 

* Baamann, Munch, med. Wochensehr., No. 14 : 1896. 

* Schniuler n. Ewald. Wien, klin. Wochenschr,, No. 29 : 1896. 
*Schaerges, Pharm, ZeUg,, No. 71: 1896; and E. Barell, idem. No. 15: 

1897. 

* Drechad, loe, eU. 
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Minute traces of most of the other metals are oocasionally 
fomid in plants and animals. They should not on that aooount 
be considered as essential constituents. 

The presence of ooppeb in the blood of certain cephalopods 
and Crustacea is noteworthy. This metal appears to be present 
in the form of an organic compound^ and to serve as oxygen- 
carrier, thus playing a part similar to that of the iron in hemo- 
globin. The blood of these animals is blue, but loses its color 
as soon as the oxygen is withdrawn either by pumping, by the 
passage of a stream of an indifferent gas, or by the action of re- 
ducing agents. When shaken up with air the blood again be- 
comes blue. The latest experiments on this subject have been 
carried out by Fr^d^ricq,^ whose essay also conteons an account 
of the work done by his predecessors. 

^ lAon Fr6d^ricq, Bulletins de I'ae. roy, de Belgique, 86r. U. t. xlyi. No. 11 : 
1878 ; Compt. rend,, t. Ixzzvii. p. 996 : 1878. 



LECTURE III 



CONSERVATION OF ENERGY.^ 



Most intimately connected with the circulation of the ele- 
ments is the circulation of energy. The latter is not however 
limited to this earth; it streams on to our planet with the 
sunlight^ and, having run its course through plant and animal 
life, streams back again into illimitable space. 

It is as impossible to destroy energy as matter. Energy 
itself cannot be directly observed and pursued. We can say 
nothing more definite about it than that it is the cause of 
motion. But we can prove that motion is never annihilated, 
for whenever motion ceases, its cessation is only apparent. 
The movement of masses of matter, visible to us, has either 
changed into a movement of the smallest particles of matter, 
of the atoms, or into ' latent motion,' into so-called ' potential 
energy,' from which, at any time under appropriate conditions, 
the same amount of motion can again arise. 

If a stone fall to the ground and remain lying there, motion 
has not ceased. The place on the ground where it fell, and 
the stone itself, have become warmed, and heat is well known 
to be a mode of motion. If a stone is thrown straight up in 
the air, it rises with decreasing rapidity and comes at last to 
rest. At that moment its movement is latent, and is stored 
up in it as potential energy. By virtue of this potential 
energy it now comes down again, and reaches the ground at 
the same velocity with which its ascent began. In rising, 
the energy of movement, the so-called 'kinetic energy,' is 
converted into potential eneigy ; in fiilling, the potential 
into kinetic energy. The conversion of kinetic into poten- 
tial energy is called 'work,' and the science of mechanics 
teaches the well-known fact that work is measured by the 
product of the weight raised into the height to which it is 
raised, and that it is always the same as the kinetic energy, 

^ Physiology cannot be studied to any advantage without a thorongh knowl- 
edge of tiie law of the conservation of energy, which can only be acquired by 
advanced mathematical and physical studies. This lecture may serve the be- 
Ipnner, who has hitherto neglected these subjects, as a slight preliminary account. 

27 
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which is measured by the product of half the mass into the 
square of the velocity. If the stone that is thrown up be 
supported at the moment it has reached the highest point and 
comes to rest, the energy can remain stored up in it for an 
unlimited period. But as soon as the support is removed, 
potential is again converted into kinetic energy ; it falls with 
increasing rapidity, and reaches the ground at the same speed 
with which its ascent b^an. Hence none of the kinetic energy 
has been lost. If it strikes the ground, an amount of heat is 
generated, which under appropriate conditions — for instance, 
by means of a steam-engine — ^would exactly suffice to raise the 
stone to the same height from which it fell. Thus no energy 
is lost in the conversion of the kinetic energy of moving masses 
into the kinetic energy of moving atoms, and vice verad. As is 
well known, it has been proved by numerous experiments, made 
by different observers and conducted upon various methods, that 
425 kilogrammeters of work produce one unit of heat (i. e., the 
amount of heat required to raise the temperature of one kilo- 
granmie of water by 1 ° C), and that the unit of heat exactly 
suffices to accomplish work equal to 425 kilogrammeters. 

Let us imagine a tube to be laid through the globe and 
its center of gravity, from us to our antipodes, and let us 
further imagine a stone brought to rest in this tube, so that 
the center of gravity of the stone coincides with the center 
of gravity of the earth ; in this case the stone would remain 
motionless and free, suspended in the air. But if the stone, by 
virtue of any kinetic energy, were raised to our end of the tube, 
a reserve of potential energy would now be stored up in it, by 
means of which the stone, as soon as it is left to itself, returns 
with increasing rapidity to the middle of the tube. At the 
moment when its center of gravity coincides with that of the 
earth, all potential energy is used up and converted into kinetic 
energy, and has attained its greatest velocity. This kinetic 
energy cannot be lost ; it drives the stone further on, it is re- 
converted into potential energy, work is accomplished, the stone 
is driven to the other end of the tube, to the antipodes. By 
this time the kinetic energy is used up, and is contained in the 
stone as potential energy, by means of which the stone again 
falls with increasing speed to the earth's center of gravity, and 
rises with diminishing velocity to us. And if the tube be free 
from air, the stone must thus swing backwards and forwards to 
all eternity, none of its movement being lost. But if there is 
air in the tube, a part of the kinetic energy of the stone will 
be continually given over to the individual molecules of air ; 
the stone will swing backwards and forwards at constantly 
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decreasing distances from the center of gravity, where it finally 
comes to rest. At this moment, the whole kinetic energy of 
the stone's moving bulk is converted into the kinetic energy of 
moving molecules, which we call heat. But nothing is lost ; 
precisely as many units of heat are produced as correspond 
to the kilogrammeters of work performed by the rise of the 
stone from the earth's center of gravity to the end of the 
tube. 

The same principle seen in this imaginary and impracticable 
experiment may be observed, only in a more complicated form, 
in every swinging pendulum. The pendulum would also 
oscillate to all eternity, if the kinetic energy of the moving 
mass were not converted into heat by the friction at the point 
of attachment and with the air. 

If we make use of that form of kinetic energy which we 
call the electric current, to split up a chemical compound (for 
instance, to resolve water into its elements, hydrogen and 
oxygen), a part of the kinetic energy disappears, but only 
apparently so ; it is converted into that form of latent move- 
ment which we term chemical potential energy, and which is 
entirely analogous to the force with which the stone falls when 
raised. Chemical potential energy is stored up in the sepa- 
rate atoms. If they again unite, the potential energy they 
contain is again converted into kinetic energy, which appears 
to us as light and heat; as, for instance, when a flame is 
produced by the combination of oxygen and hydrogen. By 
means of a thermopile, the heat produced might be reconverted 
into electrical movement, which would be found exactly equal 
to the amount originally required to split up the water. 
Nothing would be lost. 

We thus see that nature possesses a certain store of kinetic 
energy, which can in no way be either increased or diminished. 
If one part of matter comes to rest, another part is set in 
motion. Movement of masses is converted into movement of 
molecules, molecular movement into movement of masses ; 
kinetic into potential energy, and potential into kinetic energy. 
The sum total of all potential energy and of all kinetic energy 
always remains the same. This law is called the Law of the 
Conservation of Energy. 

All movements on the surface of the earth (with the single 
exception of the tides, which are connected with the rotation 
of the earth on its axis) may be traced back to one common 
source, to the sun's rays of light and heat. The varying d^ree 
of heat of the different layers in air and water is the cause of 
all currents of sea and air, the storms and winds. Sailing 
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vessels and windmUls are moved by sunbeams. By using up 
the kinetic energy of the sun's heat, vapor arises from the 
sar&ce of water, and is raised to the higher layers of the 
atmosphere. If the vapor is condensed in the colder upper 
regions, the kinetic energy of the waves of ether reappears as 
the kinetic energy of the falling raindrops, or, when the rain- 
drops collect, as the kinetic energy of flowing brooks and rivers. 
It is sunlight that reappears in the sparks from the millstone ; 
it is the sun's heat which issues firom the glowing hanmiers and 
saws, wheels, axles, and rollers of all machines set in motion 
by water. 

We now come to the question of the forms of energy and 
motion which are met with in vital processes. We have seen 
that the plant is always taking up carbonic acid and water, 
separating the oxygen from these compounds, and thereby 
forming other compounds poorer in oxygen and with a great 
affinity for oxygen. There is thus a large reserve of chemical 
potential energy stored up in the plant. By combustion of the 
plant by reunion of ite constituents with oxygen, we can 
convert this potential energy into heat, and the heat, by means 
of steam engines, into mechanical work. Now, what is the 
source of this chemical potential energy? It cannot have 
originated from nothing. Energy is eternal. But no potential 
energy is conveyed to the plant by its food. Carbonic acid 
and water are fully oxidized compounds ; they cannot produce 
movement, any more than the stone lying on the ground. Not 
till the stone is raised by the employment of kinetic energy, 
can it fall down ; and not till the oxygen is separated from the 
carbon and hydrogen in the plant by the employment of kinetic 
energy, can chemical potential energy arise in it, to be con- 
verted into light and heat and mechanical work. The force 
which effects the separation of the oxygen in the plant is again 
nothing but sunlight. We know that the plant liberates 
oxygen only so long as sunshine reaches it, and that the amount 
of oxygen set free varies in proportion to the intensity of the 
light. This maintenance of the proportion was proved by 
Wolkoff * by the following simple experiment. 

WolkofF counted the gas-bubbles which arose from water- 
plants when the rays of the sun, conducted through a flat piece 
of ground glass, were allowed to fall upon them. The water- 
plants were in a glass vessel, which could be moved to any 
distance from the light as required. The intensity of the light 
is well known to be in inverse proportion to the square of the 
distance from the point of light. Wolkoff found that the 

* Al. von Wolkoff, Jahrb. /. toiMensch, Boianik,^ vol. v. p. 1 : 1866. 



OONBEBVATION OF ENERGY 31 

nomber of oxjgen-babbles was increased and diminished in 
simple proportion to the intensity of the light 

Van Ti^hem ^ obtained the same result when he tried the 
experiment with artificial light. The number of gas-bubbles 
from the water-plants diminished as the square of the distance 
from the candle. 

Hoice there can be no doubt that all the potential 
energy of vegetable substances is converted sunlight. It is 
sunlight that reappears in the fire of burning wood. It is sun- 
light that gives us light in the form of gas-jets and petroleum 
flames. The gaslight which at this moment illuminates us, 
has shone on our earth beforo, millions and millions of years 
ago ; it has lain dormant in our earth for millions of years, and 
reappears again at this moment. The whole immense store of 
energy which lies in the vast coal strata, which sets all machines 
and locomotives in motion, is only the fixed kinetic energy of 
sunlight which was once shining upon the luxuriant v^etation 
of the prehistoric world. 

The substances formed by plants serve as food for animals. 
The oxygen which is liberated from the water and carbonic 
acid in ^e plant by the kinetic energy of sunlight, is in the 
animal body again united with compounds that are deficient in 
oxygen, and the ultimate products of this combination are 
again given off as carbonic acid and water, the same simple 
substances which serve the plant as food. The chemical 
potential energy of food is thus used up. But, as no energy 
can perish, we must expect to find an equivalent amount of 
other forms of energy appearing in the animal body. And 
indeed we know that, firetly, all animals have a temperature 
higher than that of their surroundings, that they are thus con- 
tinually producing heat; and that, secondly, they carry out 
movement, or perform work. 

The sum of the work executed by an animal, and of the 
heat which it gives out, must therefore be exactly equivalent 
to the chemical potential energy taken in with its food, and 
to the kinetic energy of sunlight used up in the production of 
this potential energy in the plant. 

The difficulties of obtaining precise experimental proof of 
this equivalence are very great. So far as the precision 
hitherto attained allows us to judge, direct experiments prove 
that such equivalence does exist : that the amount of heat and 
work produced by an animal, expressed in units of heat, is 
equal to the amount of heat generated by the food-stuff of the 
animal when burnt outside the organism. 

^ y«n Tieghem, Qmpt, rend., vol. Ixix. p. 482 : 1869. 
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The first experiment of this kind was carried out by 
Lavoisier * s^ eariy as the year 1780. The object was to prove 
that combustion is the sole source of animal heat. A guinea- 
pig was placed in an ice-calorimeter, and the quantify of water 
produced in ten hours by the melting of the ice was measured. 
It amounted to 341.08 grms. The same guinea-pig was then 
put under a bell-jar over mercury. A current of air was 
passed through the bell-jar and then conducted through caustic 
potash, which retained the carbonic acid. The amount of the 
latter was quantitatively determined. The mean of several ex- 
periments showed that the guinea-pig in ten hours gave out 
3.333 grms. of carbon in the form of carbonic acid. Lavoisier 
and Laplace had previously, by means of the calorimeter, 
determined the heat of combustion of carbon, and found that 
the heat produced by the combustion of 3.333 grms. of carbon 
melted 326.75 grms. of ice. Were Lavoisier's hypothesis, that 
animal-heat arises from the combustion of the carbon in the 
food-stuffs, correct, the amount of heat or of ice-water found in 
the above experiment on an animal would necessarily be pre- 
cisely as great as in the combustion of the carbon, provided 
the production of carbonic acid were the same in both instances. 
As a matter of fact, it was found thuf 



326^ _ 
341.08 ■■^•^^• 

It was a mere chance that the numbers approximated each 
other so closely. Any one with our present knowledge, who 
criticised the experiment, would easily discover numerous 
sources of error. Indeed its chief defects did not escape 
Lavoisier's penetration. He had already discovered that Uie 
whole of the oxygen inspired did not reappear in the carbonic 
acid exhaled, and he therefore assumed that the oxygen which 
had disappeared went to form water. Lavoisier had further 
observed that the temperature of the animal in the calorimeter 
was lower at the conclusion of the experiment than at the 
commencement ; that the animal therefore, during the progress 
of the experiment, partially lost its heat, which arose from 
combustion that took place before the experiment began, and 
which did not therefore correspond to the amount of carbonic 
acid exhaled during the experiment. For both reasons, the 
quantity of water produced in the calorimeter must be greater 
than what would correspond to the carbonic acid produced. 
The necessity for a more exact repetition of Lavoisier's 

^ Lavoisier et de la Place, Mhnoires de I* Acad, royale det Sctencet, p. 866 : 

1780. 



I 

I 
I 



I 
I 



^^^H CONSERVATION OP ENERGY 33 

experimrate was soon afterwards recognized by ihe French 
Acndemy ; and in 1822 they offered a prize on the subject 
of the M>urce of animal heat. There were two competitors, 
Despretz and Diilong. The prize was awarded to Despretz 
and his work appeared in the year 1824.' Dulong's work, 
which was carried out on the same principle, was not printed 
till after his death.' 

Both experimenter.H made use of a wat^r-calorimeter. The 
ftninial being in the enlurimeter, atmospheric air was passed 
from one gasometer through the air chamber immediately 
around the animal, and collected in another gasometer. In 
this way the quantity of the oxygen used up, and carbonjo 
acid formed, was determined. The latter did not correspond 
to all the oxygen consumed ; the excess of oxygen was sup- 
posed to have united with hydrogen to form water. The heat 
of combustion of bydrc^en and carbon was calculated from 
the figures given by Lavoisier and Laplace, The amount of 
heat estimated in this way was compared with the amount 
of heat produced in the calorimeter. Both Degpretz and 
Dulong found the amount of the former smaller than of the 
latter. In the experiments of Dulong, the number calculated 
amounted from 68.8 to 83.3 per cent, of the number found ; in 
those of Despretz, from 74.0 to 90.4 per cent. 

Among the numerous sources of error in this calculation, 
the following may be specially noticed ; 1, The numbers given 
by Lavoisier and Laplace, which form the basis of the com- 
|>ariKm, are, as subsequent and more exact investigation has 
shown, too low. 2. "The heat of combustion of the food-stufls 
is not equivalent to that of their component elements, but a 
little less, since a certain amount of kinetic energy is used up 
in elfecting theirdissociation. 3. The quantity of carbonic acid 
in the expired air must be too small, since the gas in the gaso- 
meter was confined over water, which would absorb eome of 
the carbonic acid. 4. The time occupied by the experiment 
was much too short ; it was only two hours. The processes of 
oomhuation and the taking up of oxygen or elimination of 
carbonic acid are not proportional in every short interval ; only 
during longer periods is there an approximate correspondence. 
The quantities of oxygen and carbonic acid, and of the inter- 
mediate products of combustion contained in the tissues of the 
body, vary greatly at different times. 

' Deipreti, " Rech^rcheB eiiiirimentalni sur lea causei de la chaleur ani- 
nule": Paris. 1824; oiK Ann. dtehim.ctikphyg., vo\. siyi.y.3S7 : 1S24. 

' Dulong," Mfmoirc rar In chalenranimale," Ann. de ehim, tt dephi/t.,afi. 
iii. vol. i, p, 440: 1841. See also " Becherches Bur la chslenr, truuT^ dans lea 
papien de H. Dulong," Ann. dechim. tt dephyt., tit. iU.Tol. viii.p. 180: 1S43. 
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At a later period Gravarret ^ calculated the numbers obtained 
by Dulong and Despretz, and, by correcting certain errors, 
found the values 84.7 to 101.8 per cent., as a mean 92.3 per 
cent.; instead of the proportion of 74.0 to 90.4 per cent., as 
found by Dulong and Despretz. 

The movements of the animal while confined in the calori- 
meter must have been almost entirely converted into heat and 
observed as such ; they must have produced heat by the mutual 
friction of the parts moved, by the rubbing of the animal 
against the walls of its cage, and by the shaking of the water 
in the calorimeter thus set up. 

In recent years M. Rubner ' has taken up the same subject 
with all the aids afforded by modem apparatus and technique, 
and has succeeded in demonstrating the exact equivalents be- 
tween the chemical potential energy taken up by the body in 
the form of food and the kinetic energy given out by the 
animal. In Rubner's experiments on dogs these amounts, as a 
matter of fact, differed only by about ^ to 1^ per cent. 

We thus see that the law of the conservation of energy rules 
in the department of animal life. The body-heat, our move- 
ments, all our vital functions — so far as they are perceptible to 
our senses — are transmuted sunlight. 

We may now inquire into the relation borne by our psychical 
processes to the conservation of energy. Are all our feelings, 
emotions, instincts, ideas only converted sunlight, or must we 
assume that the world of the internal sense does not obey the 
great uniform law to which the whole world of the external 
senses yields constant and unwavering allegiance ? 

It is beyond doubt that there is a certain causal connection 
between psychical processes and certain material modes of motion 
in our bodies. Sensation is excited by a process of movement in 
the nervous system. A muscular contraction is the result of an 
impulse of the will. But the question arises as to the nature of 
this causal connection. Is it really a causal connection of the 
same kind as the law of the conservation of energy demands, 
that proportion should exist between cause and effect? Or 
have we to deal with other kinds of causal connection ? 

Above all things, we must sharply distinguish between an 
inmiediate cause and an ultimate cause, a distinction so neces- 
sary for the comprehension of physiological processes that I 
may be permitted to give one or two illustrations. It is usual 
to define the cutting through of a string by which a weight is 
held up as the cause of falling. But the real cause is the 

^ Gayarret, " De la chaleur produite par lei ^tres viyants ": 1856. 
3 M. Rabner, Zeitichr, f. Biol., vol. xxx. p. 73 : 1894. 
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work which has been performed in raising the weight. This is 
proportional to the kinetic energy of the fidling weight. If 
the lifting is effected by muscular forcci the latter owes its 
origin to the chemical potential energy of food, which was 
originally derived from the kinetic energy of sunlight in 
the plant. If the Mling weight strikes the ground, the 
energy of sunlight again makes its appearance as heat. 
All these forces, the kinetic energy of the sunlight, the 
chemical potential energy of food, the kinetic energy of 
muscular movemoit, the potential energy of the lifted weight, 
the heat produced by the falling weight, &c., are related as 
cause and effect; they are proportional and equivalent — the 
same thing appearing in different shapes. The effect is the 
cause itself in a changed form. Cutting the string is only the 
immediate or exciting cause, the impetus which starts the con- 
version of cause into effect, of potential into kinetic energy. 
Between the exciting cause or ^ liberating force,' as it is also 
called, and the effect, there is no sort of proportion. The 
weight may be hung up by a string and the latter cut through 
with a razor, or the same weight may be hung up by a rope 
and the latter shot through by a cannon-ball — the kinetic 
energy of the fidling stone remains the same. 

The movement of a locomotive is transmuted heat ; the 
heat is produced by chemical potential energy, by the afiSnity 
of the fuel for oxygen ; the chemical potential energy is the 
converted energy of sunlight. The kinetic energy of the 
moving engine is completely used up in overcoming friction. 
The heat which causes the movement of the locomotive appears 
again in the heated rails, wheels, and axles. It is the same 
heat which, as the heat of the sun, produced the chemical 
potential energy in the plant. The energy of the sunlight, the 
potential energy of the ftiel, the heat of the ftimace, the kinetic 
eneigy of the engine, the heat produced by friction, are all 
proportional and equivalent; they are identical. The flame, 
which was used to light the fire in the ftimace, is merely the 
exciting cause of the conversion of chemical energy into heat ; 
the amount of heat produced is totally independent of it. A 
single lucifer mateh may set fire to one pound or a thousand 
pounds of wood, or even to a whole forest ; but the heat pro- 
duced is in proportion to the amount of chemical energy used 
up, and is entirely independent of the liberating force. 

In the case of a rifie, the pulling of the tngger constitutes 
the liberating force for converting the potential energy of the 
spring into the kinetic energy of the fidling hanmier. The 
energy of the hammer is converted into molecular movement. 
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which again acts as a liberating force in causing the explosion 
of the percussion-cap ; this explosion acts as the exciting cause 
for^ the conversion of the chemical potential energy of the 
powder into the kinetic energy of the ball. 

In addition to the ultimate cause^ and the exciting cause, a 
third factor is generally required in the production of a definite 
result, which I will call the determining &ctor. In the last 
illustration, the determining factor for the projection of the 
bullet is to be found in the fact that the latter is contained in 
the barrel of the rifle, and thus only able to pass in one direction. 
For the production of a definite movement, a certain arrange- 
ment of surrounding objects is a necessary determining &ctoT. 
We can thus distinguish between three sorts of causes: the 
ultimate cause, the exciting cause, and the determining cause. 

It must be observed that in certain exceptional cases 
there is a proportion between the effect and the exciting 
cause. A well-known instance of this is seen in the drawing 
up of a sluice. The work performed in raising it is in pro- 
portion to the cross section of the fidling current of water, and 
to the kinetic energy of the water. Nevertheless, the drawing 
up of the sluice is only the exciting cause which converts the 
potential energy of the danmied up water into the kinetic 
energy of water in motion. 

Similarly, if we have a number of weights hung up by 
strings of uniform size, the work done in cutting through the 
strings will be in proportion to their number, and consequently 
in proportion to the kinetic energy of the falling weights. 
And yet the cutting is only the exciting cause. 

We may now return to the question as to the relation 
between psychical and physical processes. 

The impulse of the will and muscular contraction certainly 
do not stand to each other in the relation of cause and effect in 
the limited sense. The impulse of the will is merely the 
exciting cause. The ultimate cause is the chemical potential 
energy of the food which is used up in the muscle, and is 
therefore converted sunlight. But the impulse of the will 
does not even afford the direct impetus for the conversion of 
chemical energy into the kinetic energy of muscle. There is 
probably a long chain of causes, such as processes in the brain, 
nervous system, and muscle, analogous to those shown to exist 
in the illustration of the rifle. 

The question as to the nature of the causal connection be- 
tween stimulation of the senses and the sensations themselves, 
is much more difficult to decide. Here there is undoubtedly 
quantitative proportion. The intensify of the sensation in- 
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with the strength of the etimulatioii ; but ia there any 
proportionate relation between the two ? 

We shall not be able to decide this question, so long as we 
possess no means of measuring the intensity of sensations, or of 
any other psy(^hical conditions and processes ; in the present 
Btat« of human knowledge and of human intellect, it appears 
quite inconceivable that such means should ever be discovered.' 
We are therefore unable to answer the question whether the 
phenomena of oonsciousness follow the law of the conservation 
of energy, and whether they are transmuted sunlight. 

I must note that there is probably, in the afferent and 
centra) organs, a chain of processes intervening between 
stimulation and sensations, as there is between will and 
muscular action. We are quite unable to decide whether 
the lust form of motion, which reaches the bmin as tlie result 
of stimulation, is converted into sensation, or only serves as an 
impulse originating sensation, possibly from chemical potential 
energy. It is conceivable that an entirely new and particular 
kind of causal connection may be at work in this case. 

The theory has nevertheless often been advanced that 
there is an exhaustion of chemical potential energy, of food- 
substances, corresponding to the performance of psychical 
fimctions. People have even tried to prove experimentally 
that intellectual exertion has an influence on metabolism, as 
shoivn by the amount of excretions. All these experiment* 
fail on account of the impossibility of measuring intellectual 
exertion, of even deciding whether it was greater or less. A 
man wlio shuts himself up in a dark room, with the intention 
of keeping his mind a blank, may involuntarily exercise it more 
than if he were to sit down to his books with the intention of 
exerting all his intellectual faculties ; besides, we ought to take 
into consideration the emotions, which probably far exceed all 
mental exertions in the expenditure of energj-, and which we 
cannot call into play or dismiss at will. 

We must consider moreover that the weight of the brain 
is less than 2 per cent, of the weight of the body, and that 
only a portion of the brain is employed in mental functions. 
£ven if the metabolism of this organ were, by higher psychical 
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' FMboer (" Elemente der PgycbophyBilt " : Lefpiig, 1860), taking Weber'i 
I>« a* Ilia atuting-poiDt (viz., tbat the mcreBse of atimulation musi gmw in 
proportion to tlie itimDlKtlon alreadir exSatiug, in order tn prodnce a minimal 
ineiEBwin (enaBtiao), arrives at tlie cunc I uaion that •edsatiang are proportionate 
to the logarithm of the Mimoll. Attention hiu frequently been drawn to the 
ttet thai the assumed equality of the minimal incremeota of seneation, upon 
wbieh tbe computation is founded, is purely arbitrary. This is not tbe plac'e to 
* fullj into this Bubject, 
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activity, promoted to the utmost, we could not expect to recog- 
nize this fact in an increase of the total metabolism. Even if 
it could be distinguished, we should not be justified in conclud- 
ing that the work of the mind was converted potential energy. 
The connection might be an indirect one. 

With a knowledge of this point of view, the beginner will 
be in a position to peruse critically the works ^ that have 
appeared concerning the influence of mental work on meta- 
bolism. 

In recapitulating the main features of our previous remarks 
the following contrasts strike us in the changes that animal 
and v^etable substances undergo : — 

1. The plant forms organic substances ; the animal destroys 
organic substances. The vital process in the plant is synthdic, 
in the animal analytic. 

2. The life of ^e plant is a process of reduction ; the life of 
the animal a process of oxidation. 

3. The plant uses up kinetic energy and produces potential 
energy ; the animal uses up potential energy and produces 
kinetic energy. 

But ^^ nature takes no leaps." In morphology no definite 
demarcation can be drawn between plants and aninuds ; in the 
same way the contrast between them disappears when we 
examine the two kingdoms in relation to tiie conversion of 
energy and metabolic processes which they exhibit. 

There are unicellular beings without chlorophyl, such as 
fungi and bacteria, which are incapable of assimilating the 
carbon of carbonic acid. It must be brought to them as an 
organic compound, as sugar, tartaric acid, &c. Here they 
resemble animals. But they can assimilate nitrogen in inor- 
ganic compounds, as ammonia and nitric acid; here they 
resemble plants. The fungi and bacteria, which cause fermen- 
tation and processes of decomposition (see Lecture XI.), use up 
chemical potential energy and develop kinetic energy, heat, 
and movement ; again bdiaving like animals. But by synthesis 
they form proteid from ammonia and sugar, thus again behav- 
ing like plants. In our future observations we shall see that 
in every cell, even of the most highly organized animal, synthetic 
processes occur side by side with processes of decomposition, as 
they do in the cells of plants. Within the rigid cellulose-wall 
of every vegetable cell is a contractile protoplasmic body which 

^ B<Bcker, Beilr, t, Heilkuiide : 1849 ; Hammond, Amer. Journal of Medical 
Sciences, p. 330 : 1856 ; Sam. Haughton, Dublin Quarterly Journal of Medical 
Science, p. 1 : 1860 ; J. W. Paton, Journal of Anatomy and Phytiol,, vol. ▼. p. 
296 : 1871 ; Liebermeister, Handb, d, Pathol, u. Therap, det Fieben, p. 196 : 
Leipzig, 1875 ; Speck, Arch, /. exper. Path, u. Pharm,, vol. xv. p. 81 : 1882. 
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breathes and performs ^ active ' movements like every animal. 
In every part of a plant oxygen is used up and carbonic acid 
produced, as in every animid; only that, in the parts of the 
plant which have chlorophyl, this process of oxidation is hidden 
by the more powerful process of reduction. But even this only 
takes place so long as sunlight shines upon those particular 
parte. In the dark, the parte of the plant containing chloro- 
phyl breathe like animals;, the parte without chlorophyl do 
80 in the sunlight as well. 

The contrast disappears however still more completely 
in certain highly organized phanerogams, so-called parasites, 
which do not possess chlorophyl, and which derive their 
nourishment from the organic substances formed by other 
plante. The Monotropa, for instance, is in morphological 
structure a Pyrolacea, but in ite metabolism it is an animal. 

On the other hand, there are animals which contain 
chlorophyl. Certain worms (Planarise) and Celenteratse {Hydra 
viridis) have chlorophyl-granules, seek sunlight, and give off 
oxygen in the light, but soon die if kept in t^e dark.^ It has 
however been more recently shown by G^za Entz' and Karl 
Brandt' that the chlorophyl-granules are not free in the tissues 
of the above-mentioned animals, but are enclosed in unicellular 
algse, which live in these animals as ' symbionta.' * But the 
chlorophyl-granules in plante may be likewise only symbionta. 
So &r it is certain that they never arise in the tissues o^ plante 
in any other way than by division of other chlorophyl-granules 
already there.* Besides this, Engelmann* has shown that 

' P. Geddes, Qnnpi, rend,, yol. Izxxvii. p. 1095 : 1878 ; and Proe. Boy. Soc,, 
▼ol. xxviii. p. 449 : 1879. 

3 Q4za Eniz, Ueber die Natur der ' Chlorophyllkorperchen ' niederer Thiere, 
Biolog. CentralhlaU, yol. i. No. 21, p. 646 : January 20, 1882. 

' Karl Brandt, Verh, d. phytioL OtMclUeh.: Berlin, November 11, 1881 ; 
Biolog, CerUralblaJttf yol. i. No. 17, p. 524; Areh. /. Anat, u. Physiol. ^ p. 125 : 
1882; MiUheilungen a. d. toolog. Station tu Neapel., vol. iy. p. 191 : 1883. 

* The term * symbionta ' is applied to those parasites which do no harm to 
their hosts, each being of mutual assistance to the other. A known instance of 
symbiosis occurs in the relationship between algse and fungi in the thallus of 
herpes {FleehUa ihallus)^ discovered by Schwendener (Nageli's Beitr. z. triasensch, 
Bot., Heft ii., iii., and iv.: Leipzig, 1860-68). The more recent discovery of 
numerous examples of symbiosis is undoubtedly an acquisition of the greatest 
importance in every branch of physiology. The name ** Symbiosis " was intro- 
duced by De Bary, *'Die Erscheinung der Symbiose," Vortrag, Strasbourg: 
Trubner, 1879. An interesting account of the literature of this subject will be 
found in O. Hertwig's " Die Symbiose oder das Genossenschaftsleben im Thier- 
reich," Vortrag : Jena, 1883. 

•Arthur Meyer, "Das Chlorophyllkom," p. 55: Leipzig, 1883; A. F. W. 
Schimper, Jahrlmeher fUr wiMemeh. Botanii, vol. vi. p. 188 : 1885. An account 
of the earlier literature of the subject will be found here. 

• Th. W. Engelmann, Pfluger's Areh., vol. xxxii. p. 80: 1883. The method 
employed by Engelmann to prove the occurrence of oxygen was peculiar. It was 
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certain infusoria, Vorticellse, contain chlorophjl diffiised in 
their plasma, which likewise gives off oxygen in sunshine. 

It follows that a complete antithesis between interchange of 
force and matter in animals and plants does not exist ; ^ and 
it will be henceforward impossible to separate the physiological 
chemistry of the v^etable from that of the animal world. The 
more our knowledge of each section of science advances, the 
more the two become fused together. 

based on the fact that certain bacteria, eager for oxygen, swarm round the oeUs 
containing chlorophyl. Compare the earlier and highly interesting treatises of 
Engelmann in Pfluger's Arch., vol. xxy. p. 286 : 1881 ; toI. xxvi. p. 637 : 1881 ; 
Tol. xxvii. p. 485 : 1882 ; and yol. xxx. p. 95 : 1883. 

^ Comp. CI. Bernard, *' Lemons sur les phtoomdnes de la yie, commons anx 
animaux et aux y^g^taux ": F^ris, 1878. 
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THE FOOD OP MAN — ^DEFINITION AND CLASSIFICATION OP 
POOD-8TUFF8 — ^THE ORGANIC FOOD-STUFFS — ^PROTEID 

AND GELATIN 

OuB observations up to this point have shown us that the 
constituents of our body are subject to a constant circulation^ 
to uninterrupted change. The materials^ which we take into 
oar body to replace the loss which is always going on in this 
circulation, are called food-stuffs. This is the definition of the 
term food-stuffs which is still met with in most text-books. 
But this definition is incomplete ; it does not cover the whole 
meaning of food-stuffs ; it dates from the time before the law 
of the conservation of energy was discovered. According to 
this definition, water would be the most important food-stuff, 
for our body contains 63 per cent, of water, which is constantly 
being given off by the lungs, the skin, and the kidneys ; and 
this loss can only be replaced by the introduction of a fresh 
supply. The rudest form of empiricism, untutored common 
sense, is opposed to this interpretation, as no one would think 
of calling water * nutritious.' Now, why is water not nutritious ? 
For the simple reason that no potential energy is conveyed to 
the body by water. Water is a saturated compound ; it as 
little produces movement as a stone lying on the ground. The 
stone cannot fidl till it has been raised from the ground by the 
employment of kinetic energy ; and not until the atoms of 
oxygen have been separated from the atoms of hydrogen and 
carbon by the kinetic energy of sunlight, is the plant enabled 
to store up that potential energy which gives rise to all the 
forms of kinetic energy contributing to animal life. 

We shall therefore include under the term ' food-stuffs ' 
those substances, which are a source of energy in the body, as 
well as those which replace the lost constituents of the body. 
There are substances in our food which never become intend 
co»»stituents of our tissues, but which go to form a source of 
kinetic energy. To these belong the organic acids so widely 

41 



42 LECTURE IV 

diffused in vegetable food, such as tar taric acid, citric acid, and 
jnajJic^cid, which are never concerned in the form ation of A e 
tissues, but are burnt up to form carbonic acid andwater, with 
deliberation of kinetic energy, which could be utilized for the 
performance of normal functions. To these we may perhaps 
add the carbohydrates, which likewise do not appear to be 
employed in the building up of tissues, although we know for 
a &ct that they are the principal source of muscular work. 
Hence they are always circulating through all the organs of the 
body in the plasma of blood and lymph. They are indeed 
also found deposited in the tissues in the form of glycogen, but 
these deposits cannot be regarded as integral constituents of 
the living tissues; they are only stores of potential energy 
which disappear during muscular work ; they are as little parts 
of our organism as coal is a part of the steam-engine.^ The 
gelatin-yielding substances in our food, glutin, chondrin, ossein, 
likewise serve only as sources of energy, and never assist in 
repairing the waste of tissue. The colls^nous substances of 
our tissues are not formed from the collagenous but from the 
proteid constituents of food. But the gelatins in food are, as 
a matter of &ct, split up and oxidized ; they produce kinetic 
energy. 

Inspired oxygen must also be reckoned among the food-stuffk 
It is the only one which enters our tissues as a free element. 
It never becomes an integral constituent of our tissues, unless 
the loosely combined oxygen in the oxyhemoglobin of the 
blood-corpuscles may be considered so, but it is the most pro- 
ductive source of energy. 

We have therefore to distinguish three classes of food- 
stuffs : — 

1. Those which serve as sources of energy, and which can 
replace the exhausted constituents of the body. To this class 
belong proteids and &ts. 

2. Those which serve only as sources of energy. To this 
class belong carbohydrates, gelatins, oxygen. 

3. Those which serve only to repair the waste of tissue, and 

^ [This opinion must be received with some reserve, since it haa been shown 
that the proximate constituents of all cells are the very complex bodies, tiasae- 
I fibrinogens, nucleo-albumins, &c., classed together under the term coi^ingnted 
t proteids. In nearly all cases, these substances yield a carbohydrate as one of the 
I products of their decomposition, and we must therefore assume that carbohydrate 
forms a necessary integral constituent of the molecule. Even egg-albumin, one 
• of the commonest of the so-called proteids, contains a carbohydrate moiety. In 
light of these results, it becomes doubtful whether any tissue, even muscle, can 
utilize carbohydrates directly for the production of energy, or whether then 
substances must not first be built up to form part of the living material of the 
» cell.] 
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not as soarces of energy. To this class belong water and the 
inorganic salts. 

Oor knowledge is at present too limited to permit of our 
giving a satis&ctorj and sharply defined classification of food- 
stofis. 

When a substance is split up and oxidized in our body, we 
do not know whether the kinetic energy thereby set free is 
really used up in die performance of normal ftmctions, or 
wheUier it. is given out as superfluous heat. In the latter 
case, the substance could not be r^arded as a nutrient material, 
as it would be of no possible service to our organism. Alcohol 
may perhaps be cited as an example. In order to be of use 
in the performance of a normal function, a substance must 
split up and be consumed at the right time, at die right 
place, in a definite tissue. But we are not yet in a position to 
follow out the course of the substances taken up so closely as 
this. 

It must moreover be borne in mind that certain substances, 
belonging to the second division, may indirectly assist in the 
building up of cells, by protecting the substances of the first 
class fiom decomposition and oxidation. Fats sometimes come 
under the first, and sometimes under the second heading ; for, 
besides serving as stores of energy in the tissues, they are of 
great use in another way. The carbohydrates have, as we 
shall see, the power of changing into fitts in the animal body, 
thus coming into the first instead of the second class. In 
short, the division is merely provisional. 

We will now consider the separate group of food-stuffs in 
somewhat greater detail, beginning with proteids. 

Proteids may be r^fuxled as the most important food- 
stuffs, in so fiyr as t^ey are the only organic food-stuffs of which 
it oaD with certainty be affimed that they are indispensable, 
and that they cannot be replaced by any other nutrient material. 
They are to be found in every animal and v^etable tissue ; they 
form the chief part of every cell ; they are never absent from 
any vegetable or animal food. 

The various kinds of proteid which occur in the different 
animal and v^etable tissues present great differences in their 
chemical and physical properties. The question is therefore : 
What is included under the name proteid ? Does it correspond 
to a clearly defined group of bodies? What have all varieties 
of proteid in common, and what distinguishes them from all 
other organic substances? 

First, all proteids resemble one another in being composed 
of the same five elements, in proportions of weight not very 
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remote from each ocber, mud which vanr within the following 
limits, according to the analyses hith^to made of the different 
prDteids: — 

Carboo 50.0 to 55.0 per cenu 

HTdrogen 6l6 " 7.3 " 

Nitrofoi 15.0 '' 19.0 " 

Salpbup as " 2.4 " 

OxTgen 19.0 " 24.0 " 

SecondlTf all proteids are alike in never occurring in true 
solution. Numeroos clear liqaids, containing proteids, are 
found in plants and animals, or may be artificially prodaoed. 
Bat the foct that the proteid does not diffuse through animal 
membranes proves that it is not really dissolved in these liquids. 
The substances that are thus only apparently soluble have been 
termed *^ colloids ^ bv Graham.^ 

If a solution of sodium silicate be poured into a vessel con- 
taining a large excess of dilute hydrochloric acid, the silidc 
acid thus set free remains apparently dissolved. By dialysis, 
the sodium chlorid thus formed and the excess hydrodiloric 
acid may be got rid of^ when a clear solution of pure silicic 
acid will remain in the dialyzer. The silicic acid may amount 
to 14 per cent, of the solution without its becoming diick and 
turbid ; it is readily poured out. But a few bubbles of carbonic 
acid passed through this solution suffice to coagulate the silicic 
acid, which is precipitated in the form of a jelly.* Grimaux' 
prepared a 2.26 per cent, solution of silicic acid, which was 
more stable, and which did not clot either in cold or upon 
warming when carbonic acid was passed through, but did so 
when heated, after the addition of common salt or of Glauber's 
salt. 

The hydrate of alumina is soluble in a watery solution of 
aluminium sesquichlorid. If such a solution be placed in the 
dialyzer, the chlorid diffuses out, and the solution of pure 
alumina remains in the dialvzer as a clear, readily transfeitible 
fluid. This solution coagulates as soon as a small quantity of 
any salt is added. A 2 or 3 per cent, solution of alumina can 
be made to clot by the addition of a few drops of spring water ; 
it coagulates when poured from one glass into another, unless 
the glass has immediately before been washed out with distilled 
water.* 

In a similar way as with the alumina, oxid of iron may be 

*Th. Graham, Phil, Tnims., toI.cH. part i. p. ISS : 1861, 
<Grmhmm, loc, cit., p. 21H. 

* Grimftux, C\}mpi, rtmi,^ toU xcTiii. p. 1437 : 1$^. 

* Graham, /oc. cit., p. ^>r. 
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obtained as a clear blood-red apparent solution which is also 
very prone Ut coagulate.' 

Grimaux found that an ammoniacal solution of oiid of 
copper also behaves like a colloidal Bubstauce, that it does not 
diffuse, and that it coagulatet^ nu dilution nnth water, on the 
addition of magnesium sulphate or of dilute acetic acid, or 
when exposed to a temperature of from 40° u^ 50° C," 

Many oi^anic, as well as these inurganic colloidal substances, 
and all proteids, have the property of appearing in two forms, 
to apparent solution or in a coagulated form. The cnnditioDs, 
under which the proteids pass from one modification tu the other, 
are verj- varying, and offer a method of classifying and dis- 
tioguisbing the many different kiuds of proteid.^ Some of 
them may, imder appropriate conditions, be kept in solution 
by water alone ; to these proteids belong serum-albumin and 
e^-albumin. Other kinds of proteid require the addition of 
alkaline chlorids in order to dissolve them ; such are the 
globulins which are found in the blood, in muscle, in the white 
and yolk of egg, and probably in the protoplasm of every cell. 
If blood-senim be put in a dialyzer, the i^lts which hold 
the serum -globulins in wilution diffuse out, and the globulins 
separate on the dialyzer as finely flocculent coagula, but the 
serum-albumin remains dissolved in the pure water.* There 
arc other varieties of proteid which cannot be held in solution 
by alkaline chlorids, but only by bade alkaline salts, in which 
case neutralization of the alkalies with acids causes precipita- 
tion. The casein of milk and the artificial alkali-albumins 
belong to this category. Lastly, we come to the proteids 
which are so prone to coagulate, that they do so as soou as life 
is extinct in the tissues to which they belong. The coagulation 
of the blood and the phenomenon of muscular rigidity after 
death are connected with this fact. It even appears that these 
kinds of spontaneously coagulable albumin exist in every 
animal and vegetable cell. All proteids, without exception, 
pas6 from the soluble into the coagulated modification by 



' OrsbuD, loe, eil., p. 208. 

'Orimkiu, loc. e*l.. p. 1*36. 

* A conip1«t« enumenttina of Bll kinds of prohnd and tbeir dietiuguishing 
■ vrmld, I fear, wear; Uie begioBeT, aa I will rvfiv biln Id tlie rutlde 
" Eiweiiokiirper " (Proleidi), in I^Hnbnrg's " HandworterbnchderChcmie." Id 
this article E. Drechael has given a very complete descriptioii and I'lasaiRcation 
of the yarielic* of proteid, with a careftil account of the literature of the subject 
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* ArDDRtdD. " Ueber die Durstellung mlifreier Albumin 15b imgeo," Dinsert. : 
Sorpal, 1873 ; and PBiiger'a Arch., vol. viii. p. 76 : 1S7H. See alno A. E. Burck- 
banlt. Arch. /. rxper. Path. «. Pharm., vol. xvi. p. 322^ 1883; and G. Knuder 
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exposure to the boiliDg-poiDt, provided they have a neutral or 
weakly acid reaction, and if neutral alkaline salts be present in 
considerable quantities. Silicic acid and many other ooUoidsy 
as already stated, act in the same manner. 

Concerning the inorganic colloidal substances, we know 
that besides occurring in these two modifications they also 
appear in nature in a third, viz., the crystalline form : silicic 
acid as rock-crystal, alumina as ruby, oxid of iron as specular 
iron ore. 

This &ct justifies us in hoping to obtain proteids likewise 
in a crystalline state. Not until we succeed in so doing, shall 
we be certain of having chemical individuals to deal with, and 
m a position to ascertain and compare their composition. The 
analysis and examination of pure proteid crystals and of all 
their products of decomposition would form the keynote of 
physiological chemistry. 

Histologists have long been on the track of crystalline 
proteid. Under the microscope may be seen embedded in the 
seeds and glands of certain plants, little granules which have 
the appearance of incompletely formed crystals, and are there- 
fore termed crystalloids, or aleuron-crystals. Similar structures 
may be seen in the yolk of egg of many animals, the so-called 
yolk-plates. By mechanical means, such as shaking the finely 
chopped materials with ether and other liquids, by washing, 
filtmng, etc., these crystalloids may be isolated and obtained in 
considerable quantities. They give the proteid reactions and 
behave like globulins; they are soluble in a solution of 
conmion salt.^ Maschke^ has succeeded in recrystallizing the 
crystalloids of the para nut (BerthoUetia excelsa). They dis- 
solved in water at from 40^ to 50^ C, and the albumin separated 
out into crystals upon concentration of the solution. Schmiede- 
berg' obtained crystalline compounds of the same proteid with 
alkaline earths, the crystalloids being mostly soluble in distilled 
water at from 30° to 36° C. When a stream of carbonic acid 
is passed through the clear filtered solution, globulin is precip- 
itated. If this precipitate is treated with magnesia and wat^, 
the magnesia compound of the globulin is dissolved. From 
this solution, when concentrated at fix)m 30° to 35° C, the 
magnesia compound of the globulin is separated out as well- 
formed peculiarly glistening polyhedral crystals, of the sijse of 
poppy-seeds. If a little calcium chlorid or barium chlorid be 

^ Th. Weyl, ZHUchr. /. phytioL Chem., vol. i. p. 84 : 1877 ; containing alio 
an account of the earlier literature of the subject. 
> O. Maschke, Botan. Zeitg,, p. 411 : 1859. 
* O. Schmiedeberg, Zeittchr. f. phytiol. Chem.^ vol. i. p. 205 : 1877. 
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added to the solution before concentration^ we obtain the 
calcium an^ barium salts of the globulin in fine crystals. 

The &ct that these crystals are not free proteid^ but com- 
pounds of proteid with substances of known atomic weight, 
presents a great advantage, in that it enables us to make an 
exact analysis of this compound, and thus determine the molec- 
ular weight of the proteid. 

Drechsel^ found 1.40 per cent. MgO in the crystals of the 
magnesia compound, which he obtained according to Schmiede- 
berg's method, drying them at 110^ C. From this, the molec- 
ular weight of the proteid has been reckoned — 

x_ 100-1.40 
40- 1:4—' *-^^^- 

By the following alteration in Schmiedeberg's method, 
Drechsel succeeded in more perfectly crystallizing the magnesia 
compound. Instead of concentrating the solution, he intro- 
duced it into a dialyzer, which he placed in absolute alcohol. 
In proportion as the alcohol took the place of the water, 
crystalline granules continued separating out of the solution. 
The determination of the magnesia in the crystals dried at 
110® C. gave 1.43 per cent. MgO, or nearly the same as in the 
first preparation. The molecular weight of the proteid thus 
calculated is 2757. On the other hand, the amount of water 
varied in each preparation, the first yielding 7.7 per cent., the 
second 13.8 per cent, of water, both at 110® C. 

By a similar method, with the alcohol dialyzer, Drechsel 
succeeded in producing a sodium compound of die same glob- 
ulin. At 110° C. this yielded 15.5 per cent, of water, and 
contained in a dry state 3.98 per cent. Na^O. From this the 
proteid molecule is found to be equal to 1496, or nearly half as 
great as in the calculation from the magnesia compound. If 
the smaller molecular weight be accepted, we must conceive 
that a bi-valent atom of magnesium links two molecules of 
proteid. If we accept the double weight, the molecule must 
contain two hydrogen atoms, which are replaced by sodium 
atoms. The amount of incinerated proteid was moreover 
much too small to allow of an exact estimate of the molecular 
weight. The absolute amount of the MgO weighed 0.0050 and 
0.0065 grm.; that of the NajCO, weighed 0.0773 grm. It would 
be of great interest to determine with accuracy the relation of 
sulphur to sodium by a series of carefiil analyses, in which large 
quantities of proteid were incinerated. Supposing that no 
whole number of sulphur atoms went to one atom of sodium, 

»E. Dreehiel, J<mm. f. prakt, Chem, N.F., vol. xix. p. 331 : 1879. 
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but a whole number and a fraction, then the denominator of 
the fraction would have to be multiplied by tiie equivalent of 
the albumin molecule, calculated from tiie proportion of sodium. 
No one has hitherto been found to undertake such a trouble- 
some experiment, and we therefore know nothing concerning 
the size of proteid-molecules. 

The most thorough investigations upon proteid-ciystals have 
been carried out bj G. Grubler/ under DrechsePs guidance. 
They succeeded in recrystallizing the crjrstalloids of pumpkin- 
seeds by preparing at 40^ C. saturated solutions of globulin in 
salt solutions, such as sodium chlorid, anmionium chlorid, 
magnesium sulphate, from which the albumin separated out in 
crystals on very slow cooling. These crystals were regular 
octahedra, and when incinerated left only 0.11 to 0.18 per 
cent, of ash, which consisted of alkalies, lime, magnesia, iron, 
and phosphoric acid. When incinerated with pota^, 0.23 per 
cent. PjOg was obtained. 

The elementary analysis of Grubler's proteid-crystals gave 
the following mean, obtained from a series of analyses which 
agreed well with each other : — 





Proteid-cryiUls firom 


Proteid-cryitaU from 


Proteid-cryvtalt tnm 




sodium chlorid 




magnetlam snlphBtt 




•olution. 


solotlon. 


■olutloo. 


Carbon 


53.21 


53.55 


53.29 


Hydrogen . . . 


7.22 


7.31 


6.99 


Nitrogen .... 


19.22 


19.17 


18.99 


Sulphur .... 


1.07 


1.16 


1.13 


Oxvgen 


19.10 


18.70 


19.47 


Ast 


0.1S 


0.11 


a 13 



Griibler has also produced a crystalline combination of the 
same proteid with magnesia: the crystals separating out cm 
slow cooling of a solution (obtained at 40^ C.) of the proteid 
and magnesia in water. The crystals showed the following 
composition : — 



Carbon . 

Hydrogen 

Nitrogen 

Sulphur 

Oxygen 

Asn . . 

MgO . . 



Drj matter. Matter free from aib. 

. 52.66 52.98 

. 7.20 7.25 

. 18.92 18.99 

, . 0.96 0.97 

. 19.74 19.81 
. 0.52 
. 0.45 



^ G. Grubler, " Ueber ein krystallinigohea Eiweiai der Kurbi 
/. prakt. Chem,, vol. xxiii. p. 97 : 1881. 
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The following formula for the magnesium compound of globulin 
may be made out from the percentage composition : — 

Qi7oHuioN,,oO»,SgMft. 

It is to be r^retted in this analysis that the quantity of in- 
cinerated proteid was again &r too small for an exact estimate 
of the magnesium and sulphur. The absolute weight of the 
barium sulphate was 0.0521 grm.^ that of the pyrophosphate of 
magnesia 0.0166 grm. 

If we assume the presence of only one atom of magnesium 
in the magnesium compound^ as Grubler did in his computa- 
tion, then the size of the molecule would be 8848. But our 
calculation shows that for each atom of magnesium we must 
claim 2f atoms of sulphur. 



x.a2 0.96 
40" 



_8 
0.46' '""S 



The molecule of the magnesium compound must therefore be 
taken as three times larger. It is conceivable that the three 
bivalent magnesium atoms may link four proteid molecules, 
and that only two atoms of sulphur are contaiDcd in each. 
£very proteid molecule would then have the following com- 
position : — 

CaiH^aiN^OajS,. 

From this point of view, We attain to the smallest molecular 
weight of which analysis admits. But this supposition is quite 
arbitrary, and the molecular weight probably a multiple of that 
calculated. 

Ritthausen,^ adopting the methods of Drechsel and Grubler, 
produced crystalline proteid from hemp and castor-oil seeds. 
The elementary analysis gave the following percentage com- 
position : — 

GIobaliD from 
hemp seed. 

Carbon .... 60.92 . . 



GlobuliD from 
castor-oil seed. 



Hydrogen 
Nitrogen 
Sulphur , 
Ash . . . 
Ozjgen . 



. 6.91 
. 18.71 
. 0.82 
. 0.11 
.22.53 



50.85 
6.97 

18.55 
0.77 
0.057 

22.80 



Hemoglobin,^ the red coloring matter of the blood, also 
belongs to the proteid compounds capable of crystallization. 

^ Ritthaiuen, Joum. f. prakt. Chem,, N. F., vol. xzv. p. 130 : 1882. 

* The discoverer of the hemoglobin crystals was A. Boettcher, and the first 
analjses of them were carried out by my revered teacher, Carl Schmidt, in 
Dorpat. See A. Boettcher, *' Ueb. Blatkrystalle " : Dorpat, 1862. 

4 
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This substance forms the chief constitaent of the red blood- 
corpuscles^ and is the compound of a proteid with a body of 
known composition containing iron, called hematin. An exact 
analysis of completely pure hemoglobin crystals has been 
carried out by ZinofPsky/ who went on recrystallizing the 
hemoglobin crystals obtained from horse's blood, until the diy 
residue of the solution showed the same amount of iron as the 
dry crystals. The elementary analysis of these crystals yielded 
the following results : — 

Carbon 61.15 

Hydrogen . . . . . • 6.76 

Nitrogen • 17.96 

Sulphur 0.389 

Iron 0.836 

Oxygen 24.425 

The relation of the sulphur atom to the iron atom may, 
from Zinoffsky's analysis, be calculated thus — 

g.32_ 0.3890 _o/v« 
"66" -03368* ^~^"^- 

Exactly two atoms of sulphur combine with one atom of iron, 
and the formula of the hemoglobin is found to be — 



QnHiijoNji^Oj^jFeS. 



2* 



If the molecule of the hematin, Cj^Hj^N^O^Fe, be subtracted, 
the formula of the proteid is obtained — 

A. Jaquet^ found that exactly three atoms of sulphur go to 
one atom of iron in the hemoglobin of dog's blood. The 
analysis gave the formula : — 

After subtraction of the hematin it is : — 

Qw^l ITl ^ItAPtlV 

The calculation is not quite exact, because the splitting up 
of the hemoglobin into pi*oteid and hematin occurs only by 

^O. Zinoffsky (Bunge's laboratory), *'Ueber die Grosse dee Hamoslobin* 
molekuls," Dissert. : Dorpat, 1885; reprinted in the ZeiUehr, f.phynoL Ckem., 
vol. X. p. 16: 1885. 

'Alfred Jaquet (Bunge's laboratory), '* Beitr. z. Kenntniss des BlutfiLrb- 
stoflfes,'' Dissert. : Basel, 1889 ; or the ZeiUchr, /. physiol, Chem,, yol. zii. p. 
285: 1888. 
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the absorption of water and oxygen/ A few hydrogen and 
oxygen atoms most therefore be added to the above proteid for- 
muhe. Nevertheless they are perhaps the most exact that have 
been computed from the proteid analyses hitherto made, and 
may serve for present guidance. 

Hamack * has produced and analyzed a proteid compound 
which, though amorphous, is probably pure. Hamack precipi- 
tated neutraJ solutions of ^g-albumin with solutions of cop- 
per, and obtained the noteworthy result that, although the 
quantitative relation [of the albumin and of tiie copper salt 
varied greatly, yet in the precipitates the albumin combined 
with the oxid of copper was only found in two perfectly 
definite proportions. The precipitates contained either from 
1.34 to 1.37, a mean of 1.35 per cent. Cu, or from 2.56 to 
2.68, a mean of 2.64 per cent. Cu ; in one case therefore ex- 
actly twice as many copper atoms as in the other. 

The complete elementary analysis gave a mean from a 
series of estimates agreeing well with each other : — 

L IL 

Carbon 52.60 61.43 

Hrdrogen 7.00 6.84 

Nitrogen 16.32 16.34 

Sulphur 1.23 1.25 

Copper 1.35 2.64 

According to the first analysis, the relation of the sulphur atom 
to the copper atom may be calculated 



^=^- x = 1805 
63.4 1.36' *-^-^^- 

The second analysis makes x= 0.938. In these analyses also, 
the incinerated residue was much too small to allow a determi- 
nation of the copper and sulphur.' A more exact determina- 
tion of these elements is urgently required. From his analyses, 
Hamack reckons the formula for the first compound : 

C^H»N„OJS,Cu. 

Lioew^ has produced two silver compounds of ^g-albumin, 
which correspond to Hamack's copper compounds; one con- 

^ Conoeming this, lee Max Lebensbanm, Wien, SUsungther., vol. xov. part 
ii., March, 1887. In this work, earried oat in Berne under Nencki's direction, 
tliere ia alio an account of the earlier literature on the splitting up of hemo- 
globin. Compare alio Hoppe-Seyler, ZeiUehr.f, phynol. Chem,, vol. xiii. p. 477: 
1889. 

* E. Hamack, ZeiUchr, /. phynol, Chem., vol. v. p. 198 : 1881. 

* Compare O. Loew, Pfluger's Arch,, vol. xxxi. p. 393 : 1888. 
^O. Loew, loe. eU,, p. 402. 
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tahvad &»»& ±^ tgy 2.4 per cent. Af, the odier a mean of 4.3 
per rent. A^. Takiae Hamoek*? %iveB fer tbe amount of 
coppo*. tfce alT^o* eqoinleBt mar be eoo^Nited ss 2.3 per cent, 
and 4.5 per cent. These he%s p> tt> fmve that Hamack's and 
Ijiyews preparadixi:* wr^e true rhemiral entities. It is to be 
re;^rected that Ijyew has imc nnde anr dementaiy analysis of 
his pTEparmon:;^ 

FxnallT Frmz Hofinet^ier^ has socceeded in erjstsllizing 
cgg-albomin itself. The white <^ the hen's egg contains two 
kinds of proteid «oh«tanceSy one bdoi^^ng to the albomin and 
the other to the globolin gronpL If the gfebnlins are precipi- 
tated hj a concentrated solotion of ammonimn solphate, and 
the filtrUe from this precipitite be allowed to stand for some 
days exposed to slow evaporation, small qiheroids separate out^ 
which are composed of incompletdy formed crystals. By dis- 
solving and recr^stallizing diese ^Jieioidsy albomin is obtained 
in weU-fonned, needle-shaped cry^als. Analysis of these crys- 
tals gave the following compoation : — 

C 63.S 

H 7.S 

N 15.0 

8 1.1 

O 23.S 

Using Hofineister's method, Bondiynski and Zoja ' prepared 
albumiD crystals from white of egg, and succeeded, by frac- 
tional crystallization, in demonstrating the existence in white of 
egg of several distinct albumins, differing by their solubilities 
in anmionium sulphate solutions as well as by their coagula- 
tion temperatures and their rotatory power on polarized light. 
On the other hand, the elementary composition was identical in 
all the fractions. In one preparation die lime and phosphoric 
acid were also determined, and the following composition was 
arrived at : — 

C 52.3 

H 71 

N 15.5 

S 1.6 

O 23.5 

PA 0.29 

CaO 0.26 

The ash forms part of the constitution of the proteid molecule. 
Proteid free from ash never occurs in nature. Although it 

^ Franz Hofmeister, ZeUaehr, /. phytiol, Chem,^ vol. xiv. p. 166 : 1889, and 
vol. xvi. p. 187 : 1892. Compare aleo S. Gabriel, idem, vol. xv. p. 466 : 1891. 
^ St. Bondynski and L.Zoja, ZeiUchr, /.phytiol, Chem,^ vol. xiz. p. 1 : 1894. 
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can be prepared artificially/ we have not jet succeeded in ciys- 
tallizing it. 

Bondzynski and Zoja could not obtain the globulins of 
white of egg in a crystalline form ; the only precipitates they 
obtained were in the form of the spheroids^ which are the first 
stage in the crystallization of albumin. 

In blood-serum^ as in the white of egg^ we also find albu- 
mins and globulins (compare Lect. XIV.). In albuminuria both 
escape into the urine^ but in very varying proportions. Until 
quite recently no spontaneous crystallization of the proteids in 
tiie urine had ever been observed. It seems however that the 
presence of one kind of proteid hinders the crystallization of the 
other, since in a recent case of marked albuminuria, published 
by Byrom Bramwell and Noel Paton/ where almost only glob- 
ulin was present, this globulin could be easily crystallized by 
Hofineist^s method. Indeed at times it was sufficient to 
allow the urine to stand for one or two days to obtain a crystal- 
line silky precipitate, which under the microscope was seen 
to consist of beautiful rhombic prisms. The analysis of these 
globulin crystals gave the following results : — 

C 51.9 

H 6.9 

N 16.1 

S 1.2 

O . . . 33.9 

Finally, we may mention that Gurber * and Michel * have 
succeeded in preparing beautiful crystals of the albimiin of 
blood-serum. [The technique of the crystallization of proteids' 
has been much simplified by the discovery of Hopkins that the 
addition of a trace of acid much favors the ease of crystalliza- 
tion. / Full details of the method will be found in the original 
pf^>er.^ I By this method it is possible to prepare crystals, in 
any quantity and within a few hours, both of egg- and serimi- 
albumin. By washing these crystals with an acid solution of 
sodium chlorid, the whole of the ammonium sulphate may be 
removed, showing that the presence of this salt is not necessary 
to the integrity of the crystelline form.] 

^ See letter written by Liebig to Wohler, Nov. 16, 1848 (Ana J. Liebig's u. 
Fr. Wobler's Briefvrechsel, yoI. i. p. 323 ; Braunschweig, Vieweg u. Sohn, 1888) ; 
E. Hamack, Ber, d, deut, ekem, Ots., vol. xziii. p. 40 : 1890, and yol. zxv. p. 204 : 
1892; K. Bulow, Pflfiger's Arch., vol. Iviii. p. 207 : 1894. 

» Byrom Bramwell and D. Noel Paton, ReporU fr. the Lab. of Roy. Coll. of 
Fkpneunu, Edm., yoL W. p. 47 : 1892. 

• A. Gurber, SiUtungtber. d. phyt.-med. 6es. tu Wurzburg, p. 143 : 1894. 

* A. Michel, Verh. d. phyt.-med. Oes. zu Wurxburg, vol. xxix. No. 3 : 1895. I 
. *F. Qowland Hopkins and S. N. Pinkus, ''Crystallization of Proteids,''! 
I Joum. of Phytiol.t vol. xxiii. p. 130 : 1898. 
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The formul® of the proteids already quoted are : — 

Egg-albumin, C^H^^^ O^^,. 
Proteid in hemoglobin of horse, C^j^j^^^JMEj^^O^jS,. 
Proteid in hemoglobin of dog, (X^^^^^^'O^fiy 
Globulin from pumpkin-seeds, Cfj^jH^Ng^Pg^j. 

Thus if we select the most careful and exact of all the analyses 
hitherto made of the purest preparations of different proteids, 
we find that they give very varying quantitative compositions, 
and that they particularly differ in die amount of sulphur. 

So far as they have been investigated, protdds show a 
certain agreement in their products of decomposition. It ap- 
pears that the different proteids are composed of the same 
proximate constituents combined in varying proportions. 
On heating the proteids with baryta water, they break up 
under hydration into numerous compounds, which are 
almost all of known constitution. The principal are car- 
bonic acid, oxalic acid, acetic acid, ammonia, sulphuretted 
hydrogen, sulphuric acid, and a number of amido-acids, such as 
aspartic acid, leucin, tyrosin, as well as lysin, lysatin, &c. The 
same amido-acids, as well as ammonia and the bases lysin, 
lysatin, azginin, and histidin,^ also present themselves on boil- 
ing the proteids with acids and under the influence of fer- 
ments. We shall have to discuss the products produced by 
the splitting up of proteids more fully when we come to treat 
of the chemistry of the urine ; we shall then also consider the 
decomposition of the nitrogen compounds in the organism (vide 
Lecture XIX.). 

Another group of food-stuffs, the oelatinifebous or ooii- 
LAOENOUS SUBSTANCES, are closely related to the proteids in 
chemical qualities ; but their physiological import is quite dif- 
ferent. 

Grelatiniferous substances are the chief constituents of con- 
nective tissue, of bone and cartilage, and therefore form an 
important part of the food of carnivorous and omnivorous ani- 
mals. 

Gelatins, like proteids, are colloids containing nitrogen and 
sulphur, and may likewise occur in two modifications— one 
apparently dissolved but not difiusible ; the other coagulated. 
But the conditions of the transit from one modification to 
another are exactly the reverse. All proteids coagulate, as 

1 Eoflsel, SiUwngther. d. Ots. x. Beford. d. ges, NiaUurunstenseh,^ Marbmg, p. 
56 : Jaly, 1897. Here also references will be found to the earlier anthon who 
have dealt with these bases. 
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J described, at boiling-poiut, with neutral or weakljr acid 
reaction, uud in the presence of m\t£ ; the gelatins, on the con- 
trary, bec«me soluble under these circumstances,' and on cool- 
ing the solution of gelatin thus formed again coagulates. Solu- 
tions of proteid are precipitated by mineral acids, but not so 
solutions of gelatin. The gelatin of cartilage is certainly pre- 
cipitated by very dilut* mineral acids, but disnolved by an ex- 
cess, tbuB bebaviug in the opposite manner to the globulins, 
which are soluble in very dilute (1 per 1000) hydrochloric acid, 
but are again precipitated by an excess of it. 

If therefore varieties of proteid or gelatin are soluble or 
ooagulable nnder opposite conditions, wg need not be .surprised 
to find that, under similar conditions in the oi^anism, the one 
occurs invariably in the soluble, the other only in the solid, 
modification. Proteids are found in our bodies only in a liquid 
state. In this form they are the main constituents of the 
blood-plasma and of lymph, or they occur in that peculiar 
semi-liquid modification common to all those tissues which 
play an active part in the functions of our bodies: the con- 
tmctile contents of muscle-fibers, the axis-cylinders of nerve- 
fibers, tbe protoplasm of all cells which we must not conceive 
Bs rigid structures, but as engaged in a constant state of active 
ameboid movement.' The collagenous substances, on the 
ooDtrary, are found in our tissues only in the rigid modifica- 
tion ; they form the supports and the framework of our bodies, 
viz., bone, cartilage, ligaments, and connective tissue of all 
kinds. 

But here I must guard against a misunderstanding, lest it 
should appear that I am identifying the gelatiniferous constit- 
uents of tbe tissues with coagulated gelatin. In the conversion 
of collagenous tissues into solutions of gelatin, a fundamental 
change takes place, possibly a decomposition accompanied by 
hydration, and the gelatin is not reconverted into the collage- 
nous substances on coagulation. 

The percentage composition of the varieties of gelatin is 
nearly tbe same as that of the proteids. At the same time, it 
is characteristic of the former that they are somewhat poorer in 

■ It u Dot until after Ihe p1io«phat0i and carboQal«a or lime and magnesia 
faiTe been extracted with dilute bydrocbloric acid Ht a low lempersture. tliat the 
(ebUin or bone isdissolTed in boiling water, and esp^iall; under iocreaaed pr«a- 
■ni«. The nita of lime and maicneaia kppear to be chi^mically united with the 
EoUmgenoiu mbatsDce. 

~ Ai already mentioned, proteid is fouod in the solid form, depoailed in crjs- 
!>nl7 in the jrolk of egg and in the seeda and bulbs of plants. These cr;iital- 
klds are however not integral cooBtitdenta of the living tissue, but dead nialerial. 
tbe ilore of nutriment for the future development of the germ. 
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UQCTURE IV 



carbon and richer in oxygen ; they are products of the initia- 
tion of the breaking up and oxidation of the proteids in the 
animal body. According to the analyses ' hitherto made, the 
percentage composition of the gelatins varies within the follow- 
ing limits : — 



, G«l«tiii from bone 
or oonnectiTe tianie. 


Chondria. 


Allmialn. 


Carbon 

Hydrogen. 

Nitrogen 

Sulphur. 

Oxjgen 


49.3--50.8 

6.5— 6.6 

17.5—18.4 

— 0.56(?) 
24.9—26.0 


47.7-^.2 
6.6— 6.8 

13.9—14.1 
0.4— 0.6(?) 

29.0—31.0 


50.0--55.0 
6.6— 7.3 

16.0—19.0 
0.3— 2.4 

19.0-24.0 



We know for a fact that certain compounds of the aromatic 
class, rich in carbon and which issue in the form of tyrosin 
and indol from the decomposition of proteids, are absent in the 
gelatiniferous substances.^ It is moreover a fact that the heat- 
equivalent of gelatin is lower than that of the proteids f that 
therefore a part of the potential energy introduced into the 
animal body by proteid is already consumed during its conver- 
sion into gelatin-yielding substances. We should therefore, d 
priori, expect to find that the gelatins do not replace the pro- 
teids of the food, and that they cannot form the proteids of 



^ Fr. Hofmeister, ZeiUehr. f. phytiol. Chem,, vol. ii. p. 299 : 1878. 

' The absence of tyrosin explains the fact that gelatin does not give MiUon's 
reaction, which is common to all proteids (red coloration on boiling ¥rith nitrate 
of mercury, with the addition of faming nitric acid). AU aromatic oxy-acids 
and their derivatives, to which tyrosin belongs, give this reaction. On the other 
hand, compounds which are wanting in proteids occur among the decomposition* 
products of gelatins. Amid^acetic acid (glycin, glycocoU), which has hitherto 
not been shown to exist among the decomposition-products of any proteid, ia ob- 
tained from the gelatin of bones and connective tissue, on boiling with alkalies and 
acids, and in putrefaction. From cartilage Schmiedeberg {Arch. /. exp. Path, «. 
Pharm., vol. xxviii. p. 355 : 1891) isolated small quantities of a compound, which 
on boiling with dilate acids was dissociated with the formation of sulphuric acid, 
acetic acid, glycuronic acid, and glycosamin. These results explain the older 
statements as to the occurrence of sugar or ' reducing substances * among the de- 
compo6ition-pn)duct8 of chondrin. On the products of the decomposition of pro- 
teids and gelatin, see further, M. Nencki, ** Ueber die Zersetzung der Gelatine 
und des Eiweisses bei der Faulniss mit Pankreas," Bern., 1876; and SiUungtber, 
d, Akad, d. Wissenach, in Wien, Math.-natur, KUme^ vol. xcviii. Pt. 2, May 9, 
1889 ; Jules Jeanneret, Journ. f. prakt, Chem,^ N. F., vol. xv. p. 353 : 1877 ; Leon 
Selitrenny, SUzungtber. d, Akad. d. WisseTtsch. in Wien^ Maih.-ncUur. Klaue, vol. 
xcviii. Pt. 2, b. Dec. 12, 1889 (from Nencki's laboratory) ; Ed. Buchner und Th. 
Curtius, Ber. de deuUch. ehem. Oes., vol. xix. p. 850 : 1886 ; and R. Maly, Sit- 
tungtber. d. Kait. Akad. d. Wissensch. in Witn^ Math.-natur. KloMt^ vol. xcviii. 
Jan. 6, 1889. 

* Danilewsky, CentralblaU f. d. med. Wissensch., Nos. 26 and 27 : 1881. 
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the tissues. Such a conversion would be opposed to the whole 
tendency of animal metabolism^ which is essentially a process 
of decomposition and of oxidation. The conversion of gelatin 
into albumin would be one of synthesis and reduction. The 
results of Voit's experiments/ showing that gelatin cannot 
replace proteid in the food^ are in agreement with the d priori 
deductioii. When Voit fed dogs exclusively on gelatin^ or on 
gelatin and fat, they excreted more nitrogen than they took in 
with their food ; itiej therefore used up the proteids of their 
tissues. But if to a small amount of the proteid in the food, 
which was not by itself sufficient to prevent a loss of tissue-pro- 
teid, gelatin was added, the nitrogenous equilibrium was re- 
stored. The gelatin therefore had preserved the proteid of the 
tissues from decomposition ; it acts as a ^ proteid sparer.' This 
proleid-sparing action is also shared by fats and carbohydrates ; 
but, as Voit's experiments have shown, not in the same d^ree 
as by gelatin. 

It has recently been supposed that the gelatin might 
perhaps replace the proteid if tyrosin were at the same time ad- 
ministered. We now know that the contrast in the metabo- 
lism of animals and plants is not so complete as was formerly 
supposed. Hence there was the d priori possibility that pro- 
teid might be formed by synthesis from gelatin and tyrosin. 
The first experiments* appeared even to favor this supposition; 
but on careful repetition, a negative result was obtained. 
Lehmann ' fed two rate on a mixed diet of gelatin, rice-starch, 
butter, meat-extract, and bone-ash ; and six rate on the same 
diet with the addition of tyrosin. They all died at about the 
same time, fix)m forty-seven to seventy days afterwards. Thus 
these experimente also tend to show that no proteid can be 



* Voit, jSeiUehr. /. Biolog., vol. viii. p. 297 : 1872. The historical introduction 
to this treatise, showing the numerous errors into which any one would neces- 
Muriljfidl from the experiments, formerly made to decide the question concerning 
the nutritive value of gelatin, is highly instructive and interesting. Compare 
also the more recent paper on this subject : ZeiUchr, /. Biolog.^ vol. x. p. 203 : 
1874. We cannot attain to a complete understanding of the significance of 
fbod-stufb until we get to know all the processes of metabolism. We ought 
therefore properly to leave the consideration of the import of the various food- 
stnfb to the last chapter of physiological chemistry. But this difficulty can in 
no way be surmounted, for every chapter of physiology presupposes other chap- 
ter!. It appears to me advisable to arouse the reader's interest at the start by 
pointing out the importance in vital processes of those substances whose gradual 
ehanges and ultimate destination in the animal body must be the foundation of 
aU future study. 

*L. Hermann und Th. Escher, Vierte^ahrtchr, der naturforsch. Oet. in 
Zwrieh, p. 36 : 1876. 

' Karl B. Lehmann, Sitxungther, d, Oes. /. Morphol. u. PhyiioL in MUnchen : 
1885. 
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produced from gelatin, although we know, on the other hand, 
that all gelatin-yielding tissues of the body are formed from 
proteid. This is seen in the growth of the herbivora, and of 
the young animal in its suckling stage, since their food contains 
proteids but no gelatin. 

Grelatin, as such, is to be found only in cooked food. Of 
the gelatin-yielding tissues, connective tissue is easily digested, 
and is therefore an important element of food. Meat, which 
consists to a great extent of connective tissue, disappears 
almost entirely in the alimentary canal of man. The digesti- 
bility of cartilage and bone was long doubted, until it was 
proved, by experiments in Volt's laboratory,^ that dogs fed on 
cartilage ejected but a very inconsiderable amount in the feces. 
A large part (as much as 53 per cent.) of the collagenous 
substance of the bones did not reappear in the feces. We do 
not know how far tiie digestive organs of man are capable of 
dealing with cartilage and bone, as no experiments have been 
made to ascertain this. 

Keratin, the chief constituent of the epidermis, of hair, 
nails, claws, hoofs, horns, and feathers, was formerly classed 
with the collagenous substances. But keratin is distinguish- 
able frx>m the gelatins, as well as frx>m the proteids, by its high 
percentage of sulphur (fix)m 4 to 5 per cent.) but more 
especially from the gelatins by the fact that tyrosin makes its 
appearance among its {>roducts of decomposition. According 
to this last property keratin should be classed among the pro- 
teids. The keratins of the various tissues are probably not 
identical and not chemical entities, but mixtures of different 
substances. Keratin does not come under our consideration 
as a food ; according to previous experiments it appears in- 
capable of being digested by the mammal.' Certain insects 
can digest keratin. The caterpillar of the clothes-moth 
apparentiy feeds almost entirely upon keratin. Wherever 
therefore keratin is rendered soluble, it can take the place of 
proteid. The chief constituent of elastic tissue, ' elastin,' which 
was likewise formerly classified under the same heading as 
gelatin, now stands by itself: on decomposition, it yields a 
small amount of tyrosin.^ Elastic tissue is almost completely 



1 J. Etzinger, ZeiUchr.f. Biolog., toI. x. p. 84: 1874. 

' Knieriem, " On the Value of Cellulose in the Animal Organiam/' p. d, 
Jubilee Eaaay : Riga, 1884. Reprinted in the ZeiUchr. /. Biolog,^ yol. xzi. p. 
67: 1886. 

' For the composition and properties of elastin, vide R. H. Chittenden und 
A. S. Hart, ZHUchr. /. Biolog.y vol. xxv. 368: 1889. The earlier literature is 
here quoted. 



THE FOOD OF MAN 69 

digested by dogs.^ As regards homan beings, we must mention 
an experiment made by Horbaczewski ' on a patient with 
gastric fistala. Powdered elastin in a small bag was introduced 
through the fistula, and was found to be partly dissolved in 
twenty-four hours. 

1 Etiiiiger, loe, cU, CSompare alio L. Moroohoweti, St, PeUnhvrger med, 
Wbeken»ekr.: No. xr., 1886; A. Ewald and W. KOhne, Verhandlungm dei 
natur.'kiHor. flwd. Verein9 m Heidelberg, N. F., yol. i. p. 441 : 1877 ; and Chit- 
tenden und Hart, loc cU, 

* J. Horbaeiewiki, Zeiieckr, f, phyeiol. Chem,, yol. yi. p. 330: 1882. 



LECTURE V 

THE ORGANIC FOOD-STUFFS (continued) CARBOHYBRATEB 

AND FATS — SIGNIFICANCE OF THE THREE MAIN 
GROUPS OF ORGANIC FOOD-STUFFS 

We will now turn our attention to two main groups of food- 
stuffs which offer a contrast to the two last mentioned, in being 
free from nitrogen and sulphur — the fats and the carbohy- 
drates.^ They agree with one another in being made up of the 
same three elements : carbon, hydrogen, and oxygen. But the 
quantitative composition is well known to be quite different ; the 
&t8 are much poorer in oxygen, and richer in carbon and hydro- 
gen. Therefore the heat-equivalent of the &ts is much greater. 

The heat-equivalent of the organic substances can not be 
exactly computed from the known heat-equivalents of carbon 
and hydrogen, because, of the amount of heat which is set free 
by the union of the oxygen with the carbon and hydrogen, a 
part which is used up in the separation of the hydrogen atoms 
£rom the carbon atoms, and of the carbon atoms from each 
other. This amount of heat may vary greatly in different com- 
pounds, because the atoms are more or less firmly combined 
with each other, and varyine: amounts of heat are set free by 
their union. Metameric compounds are known to produce dif- 
ferent heat-equivalents. Hence the heat-equivalents of food 
stuffs have been determined by direct calorimetric methods, 
first by Frankland,* then by an improved method by Stoh- 
mann ' and his pupil Rechenberg,* lastly by Danilewsky • and 
by Rubner.^ In the following table I give the values ascertained 

^ Both here and in all subsequent remarks, a knowledge of the chemical 
properties of the carbohydrates and &ts is presupposed, as these compoands are 
usually described at sufficient length in the text-books of organic chemistry. 

* Frankland, Philoe. Mag., vol. xxxii. p, 182 : 1866. 

'Stohmann, Jaurn,/. prakt, Chem., N. F., toI. xix. pp. 115-142: 1879; and 
Landwirthschaftl. Jahrb., pp. 531-581 : 1884; Ze%t$ehr, /. Biolog., vol. xzzi. p. 
364: 1895. 

* von Rechenberg, Joum. f. prakt. Chem., N. F., vol. xxii. pp. 1-45, 22S-250: 
1880. 

* Danilewsky, Pfluger's Arch,, vol. xxxvi. p. 237 : 1885. 

« Rubner, ZeiUchr, /. Biolog,, vol. xxi. pp. 250, 337 : 1885. 
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by tlie above-mentioned authors. By the side of each figure 
will be found the first letters of the author's name. The heat- 
equivalents of carbon, hydrogen, and of a few decomposition- 
products of food-stuffs, are also added to the table for reference in 
future remarks. The unit of heat (calorie) is that quantity of heat 
required to raise the temperature of one gramme of water 1 ^ C. 

Hkat-Equivaijcntb of One Gramme of Substance Ezfresbed 

IN Caix)ries. 



Hydrogen 

Stearic acid, CigHnO, 

• 

Beeffat '. 
Olive oil . 
Pig's fia. 
Stearic acid 



. F. and S. 
.Bch. . 
. Rnb. . 
. F. and S. 
.D. . . 
. St. . . 
. Rab. • 
.St . . 



Fat ( human and animal), the aver- 
age of a number of approximate 
figores, 9319-9429 St. ... 

Butter St . . . 

CSiarcoal F. and S. 

Ethjlalcohol F. and S. 

" Berthelot 

Leocin St and L.' 

" B. and A.« 

Fibrin (vegetable) D. 

Elastin ... St and L. 

Hemoglobin (from horse) D. 

Vegetable fibrin St and L. 

Senim-albumin St and L. 

TVrogJn B. and A. 

Hemoglobin (from horse) B. and A. 

Svntonin ^ St and L. 

Hemoglobin St and L. 

Ckaein St and L. 

" D 

Lcgamin St and L. 

Blood fibrin D. ... 

Vitellin St. and L. 

^te-i^lbamin . St and L. 

lulk-casein (three preparations 
5754-5693), average ... St ... 

Egg-albamin B. and A. 



CWstallised albumin (from pump- 
kin'^eeds) ........... St. and L. 



ppuric acid St. and L. 

• .••.*..*. MJt ano A. 
Butjric acid F. and S. 



34,462 
98S6 
9745 
9717 
9686 
9455 
9423 
9412 



9372 
9179 
8080 
7184 
6980 
6525 
6537 
6231 
5961 
5949 
5942 
5918 
5916 
5915 
5908 
5885 
5858 
5855 
5793 
5772 
5745 
5735 

5715 
5690 

5672 
5668 
5659 
5647 



^ Favre and Silbermann, Ann, d. Chim. et d, Phys., vol. xxxiv. p. 357 : 1852. 

'F. Strohmannand H. Langbein, Joum, f. prakt. Chem,^ N. F., vol. xliv. p. 
336: 1891. 

* Berthelot and A. Andr^, Ann, d, Chim, et d. Phyt., series vi. vol. xxii. pp. 
5 and 25: 1891. 
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HEAT-EQmVALENTS OF OnS GbAMMB OF SUBSTAKCS EXPRBBSXD 

IN Calobieb (corUinued). 

Para^lobulin (from horse' 8 senun) 5634 

Casein R and A. 5629 

CiTstalluEed proteid (prepared bj 

&rubler from pumpkin seeds) . . St 5595 

Egg-albumin ( two preparations, 

5556and5597), mean . . St 5577 

Blood fibrin (three preparations, 

5487-5536), average .... St 5508 

Gelatin (from isinglass) . . D 5493 

Ossein B. and A. 5414 

Chrondrin B. and A 5346 

Peptone . St and L. 5299 

Caffein St and L. 5231 

Chondrin St and L. 5131 

Ossein St and^L. 5040 

Peptone (prepared by Drechsel) . .D 4914 

Chondrin D 4909 

Peptone D 4876 

Sarcoflin St and L. 4506 

Starch Bch. .... ... 4479 

Erythrodeztrin . . ... Rch 4325 

Glycerin St 4305 

Creatin (anhydrous) St and L. 4275 

Cane sugar D. 4176 

** " Rch 4173 

Maltose anhydride Bch 4163 

Lactose anhydride Bch 4162 

Cellulose (from Swedish filter-paper) St 4146 

Starch St 4116 

Cane sugar . . ... St 3959 

Lactose nydrate, Ci,H„Oii, H,0 . . Rch 3945 

Dextrose anhydride . . .... Rch 3939 

Maltose hydrate, CuH^Ou, H,0 . . Rch 3932 

Guanin St and L. 3892 

Lactose anhydride St 3877 

Creatin + li,0 St and L. 3714 

Dextrose anhydride St 3692 

Lactose hydrate . . ... St 3667 

Dextrose hydrate, C^HuOg, H,0 Rch 3567 

Acetic acid . .... F. and S 3505 

Aspartic acid St 3423 

Glycocoll St 3050 

Succinic acid Rch 2996 

'* St 2937 

Aspartic acid B. and A 2911 

** '* St and L. 2899 

Uric acid St and L 2750 

" " Frankl 2645 

" " St 2620 

Urea St and L. ... 2542 

** D 2537 

St 2466 

** Frankl 2121 

Tartaric acid St 1744 

** ** Roh 1407 

• •••••••••9 Av^^aa* •••••«•• ji^c^/f 

OxaUc acid Rch 659 

" St 569 
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In the case of non-nitrogenous food-stuffs^ the same amounts 
of heat are produced m our bodies as in the calorimeter, be- 
cause the ultimate products are the same ; but it is different 
in the case of food-stuffs containing nitrogen. Nitrogen 
is liberated in a free state from combustion in the calorim- 
eter; on the other hand, it issues from the decomposition 
and oxidation of the body as an organic compound, in union 
with a part of the carbon and hydrogen, and, in the case ot 
man, principally as urea. The amount of urea which can be 
formed fix>m the proteid is about one-third of the weight of 
the proteid. In order therefore to ascertain the heat-equiva- 
lent of the proteid in our organism, we must deduct one-third 
of the heat-equivalent of urea fix>m that of the proteid. But 
this figure would come out rather too high, because the nitrogen 
leaves our body not only as urea, but partly as a compound 
containing both more carbon and more hydrogen. We must 
therefore subtract at least 800 units of heat from the heat- 
equivalent of the proteids in the above table, and we then ob- 
tain figures which are only a little higher than those of the car- 
bohydrates. As a store of energy in our bodies therefore, the 
carbohydrates are, in a quantitative respect, about equivalent 
to the proteids. The heat-equivalent of fats, on the other hand, 
is twice as great. 

Little has as yet been ascertained as to the manner in which 
the organs, in the performance of their various functions, util- 
ize the potential energy acquired with the food. As muscle 
consists chiefly of proteid, it was a plausible supposition that 
this substance was the source of muscular work. This view 
was maintained by Liebig, who contrasted the food-stuffs con- 
taining no nitrogen — the fats and carbohydrates — as ^^ respira- 
tory foods" with the proteids as "plastic foods." He taught 
that the former served mainly to generate heat. At the present 
time we know that, in muscular work, the excretion of nitrogen 
is increased only in a slight d^ree, but that the excretion of 
carbonic acid and the absorption of oxygen is notably increased ; 
that therefore muscle works principally with material free from 
nitrogen. We know that a store of carbohydrates is to be 
found in the muscles in the form of glycogen, and that this 
store disappears during work. It thus appears that the carbo- 
hydrates serve as the chief sources of energy in muscle.^ The 
fats and the carbohydrates may replace each other, but only 
within certain limits ; they do not appear to play exactly the 
same part This is proved by their simultaneous appearance 

^ The qaettion as to the souroe of moscolar energy will be fully treated in 
Lecture XXIII. 
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in the milk of all camivora, omnivora, and herbivora. It is 
ftirther proved by the instinctive desire for the addition of &t 
to a diet, however abnndant in carbohydrates it may be, and 
the desire, on the other hand, for the addition of carbohydrates 
to the richest &t-diet. 

The &t6 are, at any rate, the most fertile sources of heat 
Concerning the importance of animal heat in vital fonctions, 
we know, so fiu-, that all chemical processes, as well as the 
interchange of energy connected with them, and the functions 
of the body dependent npon them, are more intense at a high^ 
temperature. The fact that the functions of the nervous system, 
and of the muscles especially, are performed more rapidly at a 
higher temperature, may be easily demonstrated, as is well 
known, on poikilothermic animals. 

It has not yet been ascertained which functions of the body 
are aided by the decomposition and oxidation of the large 
amount of proteid, which no other food-substance can replace. 
It is a matter of experience, that each person must be daily 
supplied with at least 100 grms. of proteid in one form or 
another. If he eats less than this amount, he must use part 
of the proteid of his tissues, however large a quantity of fiit 
and cartwhydrates he takes as well.^ The fitts and carbohy- 
drates can only act in a certain d^ree as substitutes for the 
proteids. 

We know indeed that the elements of our tissues which are 
rich in proteids undergo, like all unicellular organisms, a rapid 
change of generations ; that increase, death of one part, growth 
and division of another, follow each other in uninterrupted 
succession. In the epidermis (the tissue most convenient for 
observation), we see the older cells continually dying off and 
being replaced by the proliferation of under layers. The same 
process has been traced in the epithelial cells of the intestine 
and of certain glands. A glance at a section of bone shows 
that newly-formed concentric lamellae are continually grovring 
into the older system as it becomes absorbed. We shall see, 
when we come to consider the processes of absorption in the 
intestine (Lectures XIII. and XY.), that the leucocytes also 
undergo rapid growth and destruction. Why should not the 

1 From nomeroos experiments recently commnnicated, it appemn that when 
a large amount of carbohydrates is taken, much less than 100 grms. of proteid if 
almost, if not quite, sufficient to maintain nitrogenous equilibrium. It is open 
to question however whether it would be so over a long period of laborioos work 
and normal sexual life. Vide C. Voit, E. Voit und Constantinidi, Zeiisekr. /. 
Biolog., vol. XXV. p. 232 : 1SS8 ; Hirschfeld. Vircho^c^s ArelL, vol. cxiv. p. 801 : 
1888; and Pfluger*s Arch,, vol. xlix. p. 42S: 1889; and Muneo Kumagawa, Ftr- 
eJunc's Areh., vol. cxvi. p. 370 : 1889. Compare also end of Lect. YIII. 
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same thing be taking place in the tissues hidden from our 
observation ? 

But the material of the dying cells may be used up in the 
growth of the surviving ones. The necessity for a daily con- 
sumption of 100 grms. of proteid is incomprehensible, so long 
as we do not know of any function of the body in the per- 
formance of which the chemical potential energies of the de- 
stroyed proteid are used up. 

As we know for a fact that proteid is the only one of the 
three main groups of food that cannot be replaced by any other, 
our choice and combination of the articles of diet [must be 
T^olated by the amount of proteid they contain. In the fol- 
lowing table ^ may be seen the average composition of the most 
important articles of diet, arranged according to the quantity 
of proteid found in them : — 



TABLE L 
Oke Hundbed Gbms. ow Food in a Natural State Contain — 



Proteid. 

Apples 0.4 . 

Qarrots 1.1 . 

Potatoes 2.0 . 

Human milk 2.4 . 

Gabbage (yarious) ... 3.3 . 

Cow's milk 3.4 . 

Bice 8.0. 



Fata. 



0.2. 
0.1 . 
40. 
0.7. 
40. 
0.9 . 



Maize 10.0 46. 

Wheat 12.0 1.7. 

Egg-albamin 13.0 0.3 . 

Fat fish (eel) 13.0 28.0 . 

Fat pork 15.0 37.0 . 

Yolk of egg ... . 16.0 . . . 32.0 

Fat beef 17.0 26.0. 

Lean fish (pike) ■ . . 18.0 0.5 . 

i.^an beei ....... 2SI.U .•■... l.o . 

Peas 23.0 1.8. 



Carbohjdratet. 

. . 13 

. . 9 

. . 20 

6 

. . 7 
5 
. . 77 
. . 71 
. . 70 
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TABLE n. 
One Hundred Gbms. of Dried SuBerrANCES Contain — 



AoDles 


Proteid. 
... 2.4 .. . 


FaU. 


Carbohydrates. 
. ... 79 


^fr**" ..... 

Potatoes .... 

Rice 

Carrots 

Maize 


... 8.0 
... 9.0 .. . 
. . . 10.0 . . . 
. . . 11.0 . . . 


. . 0.6 
. . . 1.0. . 
. . 2.0. , 
... 5.0 . 


... 87 

89 

82 

81 


Wheat 

Human milk . . 


. . . 140 . . . 
. . . 18.0 . . . 


. . . 2.0. . 
. . . 30.0 . . 


81 

.... 48 



^ The numbers are taken from the work of J. Konig, " Chemie der menschli- 
ebtn Nahmngs- and Genussmittel/' 2d edit. (Berlin, 1882), in which will be 
fband an ezhaustiye collection of all former analyses. 

5 
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TABLE n. (eanHnued). 



Oabbage. . . 
Peas .... 
Cow's milk . 
Fat pork . . 
Fat nah . . . 
Yolk of egg . 
Fat beef . . 
Lean beef . . 
Egg-albumin 
Lean fish . . 



Protoid. 

.26.0. 
.27.0. 
.27.0. 
.28.0. 



ao.o 

33.0 
39.0 
89.0 
89.0 
90.0 



Fati 

. 5.0 
. 2.0 
.29.0 
.71.0 



67.0 

65.0 

59.0 

6.0 

2.0 

2.5 



« • 



Carbohjdntas. 

. 56 

. 62 

38 



In the following table we give the amount which it is 
necessary to eat of the various articles of diet in their natural 
undried condition, in order to convey 100 grms. of proteid into 
our bodies : — 

TABLE m. 

OmC HUKDBED GbMB. of PbOTKED ask GONTAnrSD IN — 



9000 * 


' carrots. 


5000 * 


* potatoes. 

* numan milk. 


4200 * 


3000 * 


* cabbage. 


3000 * 


* cow's milk. 


1250 * 


* rice. 


1000 ' 


* maize. 


800 * 


* wheat 



750 grms. egg-albamin. 
fat fish (eel), 
fatpoik. 
jolk of egg. 
&t beef, 
lean fish, 
leanbeei 



750 
650 
620 
600 
550 
480 
430 



In the following table we give the amount of dried articles of 
food which contain 100 grms. of proteid : — 









TABLE IV. 






One Hundred Grms. 


OP 


Proteid are 


Contained in — 


4200 grms. 


dried apples. 






370 grms. 


dried cow's milk. 


1250 ** 




potatoes. 






360 ' 




'* fat pork. 
<' fiufidi. 


1100 ** 




rice. 






330 




1000 ** 




carrots. 






300 ' 




** yolk of egg. 
" fat beet 


900 '' 




maize. 






250 




700 ** 




wheat. 






112 




*< lean beef. 


550 " 




human milk. 




112 ' 




** egg-albumin. 


440 *' 




cabbage. 






110 ' 




<' lean fish (pike). 


370 '* 




peas. 













If we subtract 100 from the numbers given, we learn from 
this last table how much of the other solid constituents, espe- 
cially carbohydrates and &ts, we must consume in order to ob- 
tain 100 grms. of proteid. In the following two tables these 
quantities are divided into carbohydrates and &ts ; in Table V. 
they are arranged according to increase of carbohydrates, and 
in Table VI. according to increase of fats. 
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TABLE V. 
With Qns Huhdhed Qbmb. of Pboteed wb Takx up in — 

Gtrbohydntes. Fftts. 

Cow's milk 140 107 

Oabbage 220 21 

Pew 230 7 

Human milk 270 170 

Wheat 680 14 

Maize 740 46 

OuTOts 820 20 

Bice 990 11 

Potatoes 1000 8 

Apples 3300 

TABLE VL 
With Onx Hundred Gbms. of Pboteid we Take up in — 

Fata. GubohjdntM. 

Apples. — 3300 

Egg-albumin 2.«..... — 

Pike 8 — 

Peas 7 230 

PoUtoes 8 1090 

Bice 11 990 

Com 14 680 

Carrots 20 820 

Cabbage 21 220 

Maiae 46 740 

CoVsmUk 107 140 

Fat beef 160 — 

Homan milk 170 270 

Yolk of ^g 200 — 

Eel 220 — 

Fat Pork 250 — 

In forming an opinion from these tables concerning the 
value of the different animal and v^etable foods, the follow- 
ing must also be taken iuto consideration. The amount of 
proteid in most articles of food has not been accurately deter- 
mined. The amotmt of nitrogen only has been ascertained, and 
fix>m this the amount of proteid has been calculated under the 
supposition that no other nitrogen-compounds exist m food, and 
that all kinds of proteids contain 16 per cent, of nitrogen. 
Both assumptions are wanting in precision. The amount of 
nitrogen in the various proteids varies, as we have seen, from 
16 to 19 per cent. The other assumption, that foods contain 
no other nitrogen-compound, holds good in the case of the 
gniDS of cereals and leguminosa. But in most of the other 
vegetable food-stuffs, ammouia, nitric acid, amides, amido-acids, 
Ac, are found in considerable quantities. In certain kinds of 
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y^etables the nitrogen of these compounds amounts to more 
than one-third of the total nitrogen. 

It would also be a serious mistake to calculate the amount 
of proteid from the amount of nitrogen in meat. This contains 
a considerable quantity of gelatin-yielding substances which, as 
I have already pointed out, have a totally different action in 
nutrition to tibat of proteid. The collagenous substances of 
animal food may be r^arded as more analogous to the carbohy- 
drates of v^etable food than to the proteids. If therefore the 
nutrient value of meat and v^etables be judged from the above 
tables according to their relative amount of proteid, the value 
of the meat will be rated too highly, and that of the v^etables 
not highly enough. 

On the other hand it must be remembered that animal food 
is much more completely absorbed than v^etable food. The 
capability of absorption of the proteid in different foods has of 
late been accurately tested by a careful comparison of the amount 
of nitrogen in the nutriment taken with that in the feces. It 
has thus been ascertained that the proteid of the meat almost 
entirely disappears. A considerable part of the proteid in 
milk reappears in the feces, and a still larger proportion is un- 
absorbed from v^etables. The table on p. 69 gives the results 
of these experiments on the absorption of proteid ; they have all 
been carried out on human beings. 

If the following table be compared with Tables III. and 
IV., it appears scarcely possible that a man could take up, in 
the form of v^etables, the daily amount of at least 100 grms. 
of proteid necessary to maintain nitrogenous equilibrium. The 
potato appears especially unsuited for this purpose ; 5 kgrms. 
must be eaten in order to introduce 100 grms. of proteid into 
the stomach, but 7 kgrms. must be consumed to allow of the 
absorption of 100 grms. of proteid. English statisticians do in 
fact show that Irish workmen, who live chiefly on potatoes, eat 
on an average 4 to 6.5 kgrms. each daily. This appears 
scarcely credible. The person experimented on by Rubner,^ 
a powerful soldier, who was accustomed to take large quantities 
of potato when at home in the Bavarian Alps, could not 
manage more than from 3 to 3.5 kgrms., although this monot- 
onous form of food was prepared in various ways, with salt or 
with butter, with vin^ar and oil as a salad, in the form of 
chips, or baked; and although the man was eating all day 
long. The potatoes he ate contained only 71.5 grms. of pro- 
teid, of which 23.1 grms. remained unabsorbed. He could not 
therefore maintain his nitrogenous equilibrium, as he gave out 

^ Bubner, loc, eit., vol. xy. p. 146. 
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Food. 



Beef (the same person being experi- 
mented on) 



} 



Hilk and cheese (the same person) . 



Milk * (four experiments on four dif- \ 
ferent people) / 

''Legnminoee" (flonr from l^^omi-'l 
nose and cereals) .... j 

Ifmcaroni 

Maixe 

Peaa and bread 

Vermicelli 

Skvoj cabbage 

Wheat bread 

Bice 

Bje bread 

White bread (the same person) . . 

Peas, shelled and well boiled (thel 

same person) J 

Broad beans, well cooked 

Whole wheat-meal bread 

Black break (rye bread) 

Potatoes 

Harsford-Liebig bread 

Oanots (boiled) 

Lentils 

Bran bread 

B je-bran bread 

potatoes, and bread .... 



Percentage of un- 
abeorbed pioteid.' 




r 8.21 

110.6/ 
11.2 
15.5 
12.0-20.0 
17.1 
18.5 
19.9 
20.4 
22.2 
18.7^ 
20.7 I 

24.6 ( 

25.7 J 
17.51 

.27.8/ 
30.25 
30.5 
32.0 
32.2 
32.4 
39.0 
40.0 
42.3 

45.4 

53.5 



Author. 



{ 



Babner * 
Buhner 

Buhner 



Buhner 



Strumpell^ 

Buhner 

Buhner 

Woroschiloff* 

Buhner 

Buhner 

Meyer • 

Buhner 

Meyer 

Buhner 



Buhner 

Prausnitz^ 
Buhner 
Buhner 
Bubner 
Mever 
Bubner 
Strumpell 
Meyer 

Huldgren and 
Landergren ' 
Hof mann * 



^ These figures are rather too high, because the nitrogen in the feces is con- 
tained, not only in the unabsorbed food, but also in the products of metabolism, 
which are eliminated in the intestine. According to Rieder's experiments with 
non-nitrogenous food, the nitrogen eliminated in the intestine amounts to 8 per 
eeni. of the total nitrogen excreted under these circumstances. ZeiUchr, /. 
Ao2og., yol. XX. p. 478: 1884. 

* Max Buhner, ZeiUchr, /. Biolog., yol. xiy. p. 115 : 1879 ; yol. xyi. p. 119 
1880; yol. xix. p. 45: 1883. 

* Concerning the absorbability of milk, see W. Prausnitz, ZeiUchr, f, Biolog,, 
Tol. xxy. p. 533 : 1889. 

« A. StrumpeU, DeuUeh. Areh.f, klin. Med,, yol. xyii. p. 108: 1876. 

* Woroschiloff, Botkin's Arch,, yol. iy. p. 1 : 1872 (Russian). Unfortunately 
A very inaccurate account of this useftil work is to be found in the BerL kUn, 

Wbehentehr., -p. 90: 1873. 

* G. Meyer, ZeUtchr. /. Biolog., yol. yii. p. 1 : 1871. 

* W. Pransnits, ZeiUehr.f. Biolog., yol. xxyi. p. 227 : 1890. 

* E. Huldgren and £. Landergren, Nord. Med. Arkiv, p. 21 : 1890. 

* Fr. Hofinann, " Die Bedeutung der Fleischnahrung und Fleischconseryen," 
FP. 11, 44: Leipzig, 1880. 
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more nitrogen through the kidneys tlian he absorbed fix>m the 
intestines, thus using up the store of proteid in his tissues, i. e., 
he was gradually dying of hunger. A sceptical observer must| 
however, concede tiie possibility that many Irish laborers may 
consume 5 kgrms. of potatoes and maintain their nitrogenous 
equilibrium. The difference in individuals is of course very great 

I wish further to point out that such a diet can be better 
borne by adults than by children. Children have to build up 
an organism rich in proteid ; adults have only to maintain the 
previous store, performing their muscular work with the carbo- 
hydrates, of which a superfluity is introduced with a potato- 
diet. The frightful mortality among children of the lower 
classes is perhaps largely due to the want of proteid in their food. 

Among the more important articles of v^etable food, the 
l^uminosse contain the largest amount of proteid. A diet of 
t?^, if properly prepar^maintains nitro^ous equUibriom. 
This is shown by the experiments Woroschiloff^ made upon 
himself. He lived for thirty days entirely upon peas, br^, 
and sugar, while at the same time he performed 8528 kilogram- 
meters of work per hour, for the space of one to three hours a 
day, and yet he showed no loss of proteid. The person whom 
Rubner ' experimented upon, also kept his nitrogenous equilib- 
rium on a diet of peas. 

If an exclusively v^etable diet proves insufficient, it is 
perhaps caused less by the want of proteid than by the want 
of fat. If we glance at Table V. (p. 67), we see that the 
relation of carbohydrates to proteid is the same in a diet of 
leguminos» and cereals as in milk, with the difference that 
the former contain much less fat than milk does. We should 
hence d priori expect to find that a man could exist very well 
upon cereals and l^uminosse, with the addition of fat, or per- 
haps even upon cer^ils and hi only. Milk is the normal food 
of the infant, not of the adult. The adult requires, as I have 
just explained, relatively less proteid and more carbohydrates. 
We might, therefore, conclude that the normal food of the 
adult would be furnished by the proteid and carbohydrates, in 
the proportion met with in the cereals, and that this diet 
would only require the addition of fat. This theory appears 
to be confirmed by experience. The laborers in some districts 
of Bavaria, who do the hardest work, are said to live upon a 
diet prepared from flour and lard.* This mode of living would 

^ Woroschiloff, loc. cU, > Rubner, loc, cit.^ yol. xyi. p. 126 : 1S80. 

' H. Banke, " Die bayr. Landwirthschaft in den letzten 10 Jahren." Fent- 
gabe, Ac, p. 160: Munchen, 1872; Liebig, Sittunfftber, d, bais/r, Akad., toL ii. 
p. 463 : 1869 ; " Reden und Abhand./' p. 121. Compare also OhlmuUer, Zeiitekr. 
/. Biolog,, vol. XX. p. 393 : 1884. 
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be the ideal of vegetarians ^ if the fat were likewise obtained 
from the vegetable kingdom, in the form of oil, olives, nuts, 
cocoa. From investigations made by Panum and Bontzen, it 
appears that even a carnivorous animal can be nourished on 
cereals and fat ; a dog which was fed exclusively on groats and 
batter could be kept in good health for two months without 
loss of weight.' Unfortunately this experiment lasted much too 
ghort a time. 

The £at of all food is very completely absorbed,' far more 
80 than the proteids. The same is true of all carbohydrates,^ 
with the single exception of cellulose. This was held to be 
totally indigestible until quite recently, when it was proved 
by experiments on ruminants' at the farm-stations kept for 
investigations, that from 60 to 70 per cent, of the woody fibers 
disappear from the digestive canal. At the experimental farm 
of Tharand,* it was even found that fix)m 30 to 40 per cent, of 
the cellulose of sawdust and paper was absorbed by sheep when 
mixed and eaten with hay. Weiske^ was the first to make 
experiments on human beings, which he carried out on himself 
and on another person. He found that one of them digested 
62.7 per cent., the other 47.3 per cent., of the woody fibers 
in the food, which consisted o/carrots,' cabbage, and^celer,. 
Later on Knieriem ® made experiments on himself, and found 
that he digested 25.3 per cent, of the tender woody fibers oi 
lettuce, but only 4.4 per cent, of the tougher fibers of Scor- 
Sonera. The latter figure is within the limits of unavoidable 
error. How cellulose undergoes solution in the intestines, we 
shall explain frirther on, when we come to the consideration of 
the dig^tive processes. 

Cellulose can scarcely be classed among the food-substances 
of human beings. On ihe other hand it is of great importance 
in acting as a mechanical stimulus to promote tihe peristalsis of 
the intestine. For this reason cellulose is absolutely essential 
to animals with a long intestinal tract. If rabbits are fed on a 

^ I have published a detailed criticism of vegetarianism in a small pamphlet, 
'* Der Vegetarianismus " (Berlin, Hirschwald: 1885). 

^ Jahrcibericht uber die ForUchriUe <Ur Thierchemie^ vol. iv., of the year 
1S74, p. 366 : Wiesbaden, 1875. 

*Rabner, loe, cU.^ vol. xv. p. 189. 

^ Riibner, loe. eit., p. 192. 

'Hanbner, ZeiUehr, fur Landvnrthschaft, p. 177: 1855; Henneberg and 
Slohmann, " Beitrage zur Begriindung einer rationellen Futterung der Wieder- 
kiaer," Heft i. : 1860; Heft ii. : 1863. 

* ** Der chemische Ackersmann," pp. 51, 118 : 1860. 
'H. Weiske, ZeiUehr, A Biolog., vol. vi. p. 456 : 1870. 

• v. Knieriem, '* Ueber die Verwerthung der Cellulose im thierischen Organ- 
iimns," Festschrift: Riga, 1884. Also printed in the Zeitschrift /. Biolog,, vol. 
xxi. p. 67: 1885. 
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diet containing no oellulofle^ the onward movement of the in- 
testinal contents ceases^ inflammation in the intestines ensues, 
and the animals rapidly die. But if horn-parings be added to 
the same food, nutrition 18 normal.* These hom-parings are, as 
Knieriem proved by experiments devoted to that purpose, abso- 
lutely undigested, and can therefore only have taken the place 
of woody fiber in so far as its mechanical properties were con- 
cerned. Of three mice, fed entirely on milk, one died after 
forty-seven days of intussusception, as dissection showed.' 

The following are the details of a post-mortem examination 
of a rabbit which had died for lack of cellulose : " The stomach 
only contained mucus, and showed signs of incipient inflamma- 
tion in the region of the pylorus ; tiie small intestine, fiill of 
mucus, was much inflamed throughout its whole length, as was 
also the cecum. The latter was largely filled with excrement of 
the consistency of putty, which adhered firmly to the walls and 
folds of the cecum. The difl^erence between these contents and 
those of the cecum of a normally fed rabbit is very noticeable, 
for here the mass in the cecum is pretty loose, fistUing almost 
completely away if the intestine be bent backwards, and this 
loose consistency is caused only by the tough fibers, by means of 
which the communication between the anus and the stomach is 
kept open. This could hardly have been the case in the animal 
which died." ' 

The short intestine of camivora does not require a mechan- 
ical stimulus to produce peristaltic action. The intestine of 
human beings is well known to be of medium length ; a man's 
life therefore is not endangered by deprivation of cellulose, 
although the normal movement of the intestine might be thereby 
impeded. The muscular wall of the intestine becomes atrophied 
like every other muscle, if it has no work to do. We must 
therefore see that the diet of human beings does not lack woody 
fibers. The excessive fear of indigestible food which prevails 
among the wealthier classes may lead to universal debility of 
the intestinal muscular walls. Habitual constipation would 
perhaps not be such a common trouble if we were accustomed 
from our childhood to a dietary containing a sufficient supply 
of woody fiber. Of late years whole-meal bread, which is rich 
in cellulose, has been a successful remedy for chronic constipa- 
tion. It is well known that an exclusive milk diet may occa- 
sion constipation. 

* Knieriem, loc. cit.^ pp. 6, 17-19. 

'N. Lunin (Bunge's laboratory), "Ueber die Bedeotong der anorganiaehen 
Salze fur die ErnahruDg des Thieres," p. 15, Dissert. : Dorpat, 1880. Also printed 
in the Zeitschr. f. physiol. Chem.^ toI. t. p. 37 : 1881. 

' Knieriem, lac. cit,f p. 17. 
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On the other hand it is urged that the rapid and continual 
movement of the intestinal contents in consequence of the irri- 
tating action of the woodj fibers has one drawback — ^the in- 
complete utilization of the food. In fact^ Meyer ^ has already 
shown^ by direct experiment^ that it is more economical to feed 
on the dearer bread of fine flour than on the cheaper bran 
bread. Fr. Hofmann showed that the addition of cellulose 
diminishes the nutritive value of meat.' At the same time^ it 
appears to me that the advantages of food containing cellulose 
&r outweigh the drawbacks. 

The following table shows the amount of cellulose contained 
in the most important v^etables used as food by man ; from a 
dietetic point of view this is not without interest. 



Perckntaos of Ckllulosx in vabious Abticleb of Diet in a 

Natural State.* 



Bice floar . . . 
Wheat flour (fine) 
Gocumber. . . 
Bice 



• • « • • 



Cellalose. 
. . 0.2 . 



0.3 
0.6 
0.6 



Water. 
13.0 
.13.0 
.96.0 
.13.0 



Onion 0.7 86.0 

Potato 0.8 75.0 

Qinliflower 0.9 91.0 

Asparagus 1.0 94.0 

CtLTTOtB 1.0 89.0 

Melon 1.1 90.0 

Mushroom 1.4 91.0 

Apple (including pips) 1.5 85.0 

Bye meal . . . 1.6 14.0 

Badish 1.6 87.0 

Othbage 1.8 90.0 

Green peas 1.9 78.0 

Bye 2.0 15.0 

Strawberries 2.3 88.0 

Maixe 2.5 13.0 

Wheat 2.5 14.0 

..... 16.0 

. . . 77.0 

12.0 

3.8 

14.0 

78.0 

..... o«5.U 

14.0 

.... 4.7 

5 4 

86.0 



.. ..Z.D. 

Horseradish 2.8 . 

Lentils 3.0 . 

Hazel-nut 3.3 . 

Grapes (including pips) 3.6 . 

Pears (including pips) .... 4.3 . 

Jpa riey .. -.........••o. o 

Walnut 6.2 . 

Almonds 6.6 

Baspberries .... 6.7 . 



^ G. Meyer, ZeiUehr, /. Biolag,^ Yol. vii. pp. 32 and 33 : 1871 ; compare also 
Babner, ZeiUehr. /. Biolog,, vol. ziz. p. 45 : 1883. 

' Voit, SiUungtber. der bayr, Akad, : December, 1869. 

* The average figure, taken from Konig's work previously quoted. 
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PXBCXNTAQB OF GeLLX7IX)6E IN DbEED AbTIOLB OV DdT. 



Rice flour .... 
Wheat flour (fine) 

Rice 

Rye meal .... 
Rye 



CellaloM. 
.0.2 
.0.4 
.0.7 
.1.8 
2.4 



Wheat 2.9 

Maize 2.9 

PoUto ai 

Hazel-nut 3.4 

LentilB 4.1 

Beans 4.1 

Onion 6.0 

Barley ....... 6.2 

X eas ......... 0.4 

Walnut 6.5 

Almond 6.9 



Ollalose. 
Spinach ••••••• 8.1 

Green peas 8.7 

Carrot a8 

Apples 10.0 

Radish 12.0 

Horseradish 12.0 

Oauliflower 13.0 

Cucumber 14.0 

Mushroom 16.0 

Asparagus 17.0 

Cabbage 18.0 

Strawberries 19.0 

Melon 22.0 

Pears 25.0 

Raspberries 47.0 



The amount of carbohydrates and fiits required for our daily 
nutrition cannot be determined^ as they may either replace 
each other or be replaced by proteid. Experience has taught 
us that workingmen^ who are able to obtain sufficient food, eat 
daily from 50 to 200 grms. of fiit^ and firom 300 to 800 grms. 
of carbohydrates^ besides from 100 to 150 grms. of proteid. 
Tables V. and VI. (p. 67) show us how we can combine such 
articles of nutrition in the most varied ways. The food must 
be more abundant in carbohydrates in proportion to the work 
performed by the muscles, and more abundant in fat according 
to the lowering of the surrounding temperature. Travellers in 
the far north relate that they were glad to adopt the habit^ prev- 
alent among the natives in those regions, of eating a pound of 
butter or oil in the day, and that the distaste for large quanti- 
ties of &t returned as soon as they reached warmer climates. 
On the other hand the negroes in the plantations of the tropics, 
while doing the hardest muscular work, thrive on a dietary 
poor in fiit, but very rich in carbohydrates. 



LECTURE VI 

THE ORGANIC FOOD-6TUFFS (conclusion) — ^THE ORGANIC COM- 
POUNDS OF PHOSPHORUS — CHOLE8TERIN 

In the preVious chapters we have become acquainted with 
those organic substances which^ according to the doctrines of 
physiology now prevailing^ are requisite for the nutrition of man. 
But they are probably much more numerous. 

Certain phosphorus compounds should also probably be 
r^arded as essential organic food-substances of man. In all 
animal and v^etable tissues, in every cell we find two complex 
organic compounds, which are very rich in phosphorus, the 
i^bcithins and the nucleins. 

The lecithins are compounds which we may r^ard as 
having been formed from the union of one molecule of glycerin 
with two molecules of a fiitty acid ^stearic acid, palmitic acid, 
or oleic acid^ one molecule of phospnoric acid and one molecule 
of cholin, with the loss of four molecules of water.^ 

Cholin is an ammonium base, the composition of which is 
accurately known. When heated, it splits up into glycol (ethy- 
lene alcohol) and trimethylamin. Its synthesis corresponds with 
this decomposition : Wurtz' produced it by the action of ethy- 
lene oxide and water on trimethylamin. The formula of choUn 
is therefore — 



N 



fCH, 
CH, 
CH, 
CH,CH,OH 



In the animal kingdom cholin has, up to the present time, 

^ Vide Diakonow, CentnUbl. /. d. med. Wiueruch., Nos. 1, 7, 28 : 1868. Hoppe- 
Seyler, Med. ehem, UiUert.yKett ii. p. 221: 1867; and Heft iii. p. 405: 1868; 
Strecker, Ann. Chem, PAorm., vol. ezlviii. p. 77: 1868; Hnnde^agen, "Znr 
Syntheae des Lecithim/' Inang. Dissert. : Leipzig, 1883 ; E. Qilson, ZeiUchr. /. 
pkffsiol. Chem.y vol. zii. p. 585 : 1888. 

* Wurte, Ann. Chem. Pharm., Snppl. vi. pp. 116, 197 : 1868. Compt. rend., 
ToL IxT. p. 1015 : 1867 ; and vol. Ixyi. p. 772 : 1868. Compare Baeyer, Ann. 
Chem, Pharm., vol. cxl. p. 306 : 1866 ; and vol. cxlii. p. 322 : 1867. 
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been found only in lecithin. It was first obtained by Strecker ^ 
from the bile^ which contains lecithin^ and hence it was called 
cholin. Liebreich ' found it among the products of decomposi- 
tion of phosphorus compounds from nerve substance (brain). 
Diakonow showed that it was a product of decomposition of 
lecithin. In the tissues of plants cholin is found in other com- 
binations as well as in lecithin. In mustard seed there is an 
alkaloid (sinapin) which^on boiling with alkalies^ is resolved into 
sinapic acid and cholin. Two alkaloids have been obtained by 
Schmiedeberg and his pupils' from the fly-fimgus {Amanita 
muacaria) — amanitin and muscarin, the former of which was 
found to be identical with cholin. The latter^ a violent poison, 
differs from amanitin only in possessing one more atom of 
oxygen. In fact, by the action of boiling nitric acid on cholin 
(the cholin being taken indifferently from amanita, from the 
lecithin of the brain or of yolk of egg, as well as that eyn- 
ihetically produced), an alkaloid containing one more atom 
of oxygen was successfully obtained, which acted poisonously 
in a similar manner to muscarin ; the action on tlie heart in 
particular being alike in both cases. This intimate connection 
between a substance contained in every animal and v^etable 
cell and a powerful poison, is a fact of great interest Accord- 
ing to the more recent researches of Bodim,^ however, the mus- 
carin artificially produced by oxidation of cholin is not identical 
with the muscarin from the fly-fungus, but is isomeric ; the 
pharmacological action is different. Boehm found cholin in 
other fungi, and obtained it in large quantities from the residue 
of crushed cotton seeds and beech-nuts. 

Lecithins have, in common with fiEits to which they are so 
nearly allied in composition, the property of solubility in alco- 
hol and ether ; they are also miscible in every proportion with 
fats ; but at the same time they have the power of swelling and 
becoming slimy in water. For this reason they appear pecu- 
liarly adapted to aid in the interaction of water^ solutions and 
substances not soluble in water, and to take part in the most 
various chemical processes in the tissues. But at present we 
know absolutely nothing about the part which the lecithins may 
play in any of the vital functions. 

^ Strecker, Ann. Chem, Pharm,, vol. czziii. p. S53 : 1862 : toI. czlyiii. p. 76: 
1868. 

•Liebreich, ibid.^ vol. czzziy. p. 29 : 1865. 

* Schmiedeberg and Koppe, *' Das Muskarin, das gitiige Alkaloid des FUegai- 
pilzes '*: Leipzig, 1869 ; E. Hamack, Arch. /. exper. Path. u. Pharm., yoI. iv. p. 
168 : 1876 ; Schmiedeberg and Hamack, Areh. f. exper. Path. u. Phafjn.f toL Vi. 
p. 101 : 1876. 

^ Boehm, Arch. f. exper. Path. u. Pharm., vol. ziz. p. 87 : 1885. 
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The next question which must occupy our attention is whether 
the lecithins of our tissues are produced from the lecithins of 
^'iboct, or by syutliesis from otlier materials such as fat, proteid, 
^bnd phosphoric acid. It has been ascertained from experi- 
^^pients in Hoppe-Seyler's lalxiratory ' that, in artificial pan- 
Heretttic digestion, the lecithins take up water and readily split 
' np into glycerin-phosphoric acid, fatty acids, and cholin. It is 
not yet known whether this decomposition is complete in the 
case of normal digestion, or whetlier a portion is absorbed 
undeooQi{H)sed, and if so how large a portion; whether only 
the undecomposed part, when absorbed, can be utilized in the 
building up of the tissues, or whether the products of decom- 
position which are absorbed again become united ; whether 
finally lecithin may also be formed from other material. The 
abforption of lecithiji or of its products of decomposition is in 
any case complete ; neither lecithin nor glycerin-phosphoric acid 
can ever be found in the feces. The presence of lecithin in 
milk ^ seems to show how essential that substance is in nutrition. 
The generic name of nuclein ' has been bestowed upon a 
large number of very different organic phosphorus compounds, 
which are to be found in all animal and vegetable tissues, 
being especially abundant in the nuclei of cells. The nucleius 
have as yet been little investigated, and we have no proof tliat 
the pure substances hitherto isolated ore chemical individuals. 
All are alike in being insoluble in alcohol, ether, water, and 
dilute mineral acids, and in being soluble in alkalies. The 
nucleins are acids. The phosphorus is given off from them all 
as phosphoric acid on boiling with water, and more rapidly so 
on boiling with alkalies or acids. But the ot^nic substances 
which are combined with the phosphoric acid appear to be of 
verj- varying character, and have been but Httte investigated. 
Moat nucleins are proteid compounds, although a few do not 
contain proteid. Many, on splitting up, produce xanthin, 
hypozanthin, guanin, and adenin * — crystaJliue compounds rich 

'8. BfikAf. Zciftthr. f. phi/nol. Chen., vol. i. p. 1S7: 1877. 

' To\maUebelt. Uoppe-Sejler't Mtd.tJum. Untert.. 11^ U. p. 272 : ISIi7. 

'The ■Dclcini were lirel ducoTcred nnd inveslignted by Miracher In the 
I >nd«i of pnit-orpun'lea. aD<) snbieqneotly in the jolk of ugg tuid mlmon-Bperni 
^■XBoppc-Sejrlvr'ii Sftd. cHem. Unttrt., Heft iv. pp. 411, 502: 1871; Verhand- 
HEn^nt dir luitarfartrlienden GaelUchaft tu BomI, toI. vi. p. 138: 1874). The 
^^BMI tnxnl and complete ezpecitneDta on nuvleins vere made by Koasel 
^BWlK'br. /. phgriol. C^em., vol. lii. p. 284 : 1879 ; Vol. iv. p. Z90 : ISSO ; vol. v] 
^*PI). 1S2, !tt7: I8S1 ; " UntenuchuDgen ubcr die Nucleine": Strasiburg, 1881 ; 
I BriltcAr. f. phi/*icl. Chem.. vol. vi. p. 423: 1882; vol. vii. p. 7: 1882; vol. 
I, p. 260 : 188(1 ; vol. »ii. p. 241 : 1888 ; Areh. f. Jnal. u. Pht/iiol., p. 181 : 

\an. 

I *Pioi»rd.Str.d.dem*eh.e\e7n, Get., vol. vii. p. 1714; 1874. 
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in nitrogen^ which we shall describe more at length when we 
consider the chemistry of urine. The preparations of nuclein, 
hitherto analyzed, contained from 3.2 to 9.6 per cent, of 
phosphoms. 

The nncleins have much the same solubilities as proteids, 
and are found united with these in the same morphological 
structures, but they can be separated by artificial gastric 
digestion (Lectures X. and XI.) : the proteids are peptonized ; 
the nucleins on the other hand are little affected by the gastric 
juice. It appears that the nucleins mostly occur in the tissues, 
not in a free state, but as compounds with proteid (nucleo- 
albumms), and perhaps also with lecithin, and that gastric 
digestion separates them firom these bodies. 

As an example of the percentage composition of nucleins, 
I may give the following walyses of preparations, which were 
to some extent pure. Since the nucleins have not yet been 
prepared in a crystalline state, we have no adequate guarantee 
of their chemicsd individuality or of the purity of the prepara- 
tions. 





NUOUEIHS PKXPABKD FBOM— 




TmiI' 


YolkofEKg.* 


Ctrp-Boe.* 




L 


n. 


c 

H 

N 


40.8 
5.4 

16.0 
0.4 
6.2 

31.3 


42.1 
6.1 

14.7 
0.55 
5.19 
0.29 

31.05 


48.0 
7.2 

14.7 
0.3 
2.4 


47.8 

7.2 

12.7 


S 




P 

Fe 




2.9 
0.25 



From some of the nucleins the phosphoric acid may be split 
off in combination with part of the organic radical as an acid 
containing nitrogen, but free from sulphur, which, following 
Altmann's suggestion,^ we may designate nucleic acid. As 
example of such an acid may be cited the nucleic acid split off 
from the nuclein of yeast, to which the formula C^JS.^^fi^ 
2Pj05 has been given.* 



1 Koflsel, Zeitichr. /. phynol, Chem., rol. iii. p. 284 : 1879. 

> Bunge, ibid,, vol. iz. p. 56 : 1885. 

» G. Walter, tWd., vol. xv. p. 489 : 1891. 

^ R. Altmann, Da Bois* Arch., p. 524 : 1889. 

"Altmann, loe,cU. 
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In certain cells nucleic acid appears to occur in a free state. 
Thus Miescher ' has prepared a nucleic acid from aalraon-sperm, 
to which he has assigned the formula C„Nj,N|,0|j, 2PjO,, In 
the heads of the spermatozoa this acid is comhined with the 
organic base, protamin (see Lecture XIX.), to form a salt. In 
the dried heads of the spermatozoa the nucleic acid amounts to 
' ,7 per cent, and the protamin to 19.8 per cent. 

Whether the nucleins of our tissues axise from the nucleins 

food (in which case the nucleins would rank among the 
Dumber of essential food-substances), or whether the nuclcina 
are forraed in the body by synthesis, is a question of great im- 
portance, about which as little is known as concerning the 
mode in which the lecithins originate. The occurrence of 
nucleins in milk * seems to point to the former supposition as 
the correct one, whereas the slight digestibili^ of the nucleins 
would lead us to the latter conclusion. The experiments car- 
ried out in Hoppe-Seyler's laboratory ' showed that nuclein Is 
as little aSected by artificial pancreatic, as by artificial gastric, 
digestion. Nuclein was found in abundance in the feces of 
dogs. A quantitative determination of the comparative amounts 
of nuclein in food and in the feces has not yet been made, 
and it is therefore not yet known whether the nucleins are 
absolutely indigestible, or whether a part, and if so how much, 
is absorbed. ''(Vfl V 

The following ob9er\'ation, made by Miescher' on Rhine 
salmon, seems to show that the nucleius as well as tlie lecithins 
arise in the animal body by synthesis. The salmon travel up 
the river every year from the sea to spawn in the Upper 
Rhine. During the journey, the ovary grows from 0.4 to 
19.27 per cent, of the salmon's entire weight. These joumey- 
ings last from four to fourteen weeks. During the whole of 
ibis time they take no food ; the intestinal canal is always 
found empty. The material which goes to form the ovaries 
can only be produced by the muscles, which constitute the 
bulk of the fish's weight. Miescher showed by comparative 
determinations, made on fish of equal size, that the muscles 

•MieKher, Arch. f. exp. Path. ti. Pharm.. tol. xxxvii. p. 100: 1896. 

' Suriein wua proved lo be aconBtituentof milk by Lu bavin (Hoppe-Seyler's 

i, tttm. OrUen., Hefl iv. p. 463 : 1S71 ; Ber.d. deuUc/i. chem. Ga., vol. i. p. 

r7 ; and Tol, xii. p. 1031 ; 1879). Hammnrstea showed that naclein is 

■ 'n milkaanucleo-albiimiii {ZeUiehr.f.phyiiol. Chem., vol. vii. p. 227 ; 

• RSk^j, Zeittehr. f. phynial. Cken., vol. i. p. 157 : 1877. 

* MieKher, " atatiatisfhe a. biologiscbe Beitrage inr Kenntoiss vom L*ben 
u." Separatabdruck bus der achweizeriMhen LitemtarBammtuiiK 
olen Fiwberci-Aiiulclluiig in Berlin, p. 183 : 1880 ; naiiArch.f. 

^IgiwM., AnU. Abtb., p. 193 : 1881. 
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disappear in proportion as the ovaries develop^ and that the 
loss in weight of the large lateral trunk-muscles is sufficient to 
cover the increase in weight of the ovaries. Now the ova are 
very rich in lecithin and nuclein ; the muscles however are 
poor in these compounds. But the muscles contain phosphoric 
acid in abundance in another form^ probably as potassium salts^ 
loosely united with proteids. Miescher therefore concludes that 
the new compounds characteristic of the egg are formed from 
the proteid^ tibe fat, and the phosphates of the muscles, a pro- 
found chemical rearrangement taking place. 

Perhaps cholesterin also belongs to the organic food-stuffs 
essential to man. Like the lecithins and nucleins, it is a 
normal constituent of all v^etable and animal tissues and of 
milk.^ Here also we do not know whether cholesterin is formed 
only in the plant, and enters the animal body either directly in 
the form of v^etable food (in the case of herbivora), or indi- 
rectly (in the case of camivora), or whether it is formed from 
other material in the animal body. Cholesterin is, like lecithins 
and fats, insoluble in water, and soluble in ether and alcohol, 
but is distinguished from them by its insolubility in boiling 
potash ; it cannot be saponified, as it is not an ethereal salt, but 
a moQatomic alcohol with the composition Cj^H^OH. The 
chemical constitution of this compound is not known. 

We are still in complete ignorance concerning the fiite of 
cholesterin in the organism. Considerable quantities of choles- 
terin are being continually turned out into the intestine along 
with the bile, but we do not know whether this cholesterin is 
taken up preformed in the food or whether it is formed from 
other substances by the organism itself. In human feces 
cholesterin occurs modified as dihydrocholesterin, formed by 
the addition of two atoms of hydrogen to the unsaturated 
cholesterin molecule. This reduction product was named by 
its discoverer, Bondzynski,^ koprosterin, and assigned the 
formula C^yH^OH. That this process of reduction takes place 
in the intestine is rendered probable by the &ct that in dogs, 
with their short gut, the cholesterin of the food and of the bile 
is passed unchanged, whereas in the long intestine of the 
horse, cholesterin undergoes a still fiirther reduction, appearing 
in the feces as C„HJ0JI, It has not yet proved possible, 
outside the body, oy means of reducing or putrefactive proc- 
esses, to prepare the koprosterin from cholesterin. Koprosterin 

* Tolmatscheff, Hoppe-Seyler*8 Med, chem. UnUrt.^ Heft ii. p. 272: 1867; 
and Schmidt-Miilheim, Pfluger's Arch,, vol. zzz. p. 384 : 1883. 

' St. Bondzynski, Ber, d. detUtch. chem. Oct., p. 476 : 1896 ; Bondzynski and 
Humnicki, ZeiUchr, /. phpaiol, Chem,, vol. zxii. p. 396 : 1896. 
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differs from cholesterin both in its melting-point and in its 
action on polarized light^ being dextro-rotatory^ while choles- 
terin is levo-rotatory. Moreover the color-reactions of kopros- 
terin differ from those of cholesterin. 

We know nothing as yet concerning the significance of 
cholesterin for any vital functions. 
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THY JSKJ/BSlAS^IC FOOD-eTCFPB 



Is oar ppprig«i§ jqmii^ <m almemarr gabslaooes we have 



Is dcieidiixg lite qiteskm of iBin*§ need for iiKHganic salts^ 
ve nmsi clearlj ^^anpash benreEii die groving and tlie adalt 
bodr. Ii is eridem Thai iht iccmer remi in s a considerable 
amcMmt of 22K4^iiur ah? £r ix& die^elopoieDt. Tbe quality 
and qiusiirr ji&ided may be bea seen from the oompoaidon of 
milk. An in&oi w^tsbing 6 or 7 kgnns.^ takes about a liter 
of milk dailT. This 



Kfi a78 

y^o ass •• 

o:» ass " 

Mt^J ao6 " 

F^*\ aow ** 

PM . . . . a47 " 

d 0.U *^ 

It would be verr interesting u> oompare the composition 
of the ash of milk with that of the total a^ of the infimt. Bat 
nnfortimatelv no analysis of the total ash of an infimt has ever 
been made. A comparative analysis of the ash of dog's 
milk and the total ash of a socking puppy resulted in the 
following fi^:ureSy^ which I give tc^ether widi the analysis of 
the ash of blood, and another of the total ash of a young rabbit 
and a kitten while being si^ckled : — 

^ Thii is what an infiuit osoallj' weighs in the sixth month. I choose this 
stnce for the above table, because the nambers are of a suitable siae. Aasomin^ 
that the need for inorganic salts is in proportion to the bodj-wcight, the decimal 
point has only to be moved one figure to the rig^t, in order to ascertain the 
amoont required by an adalt. Bat these figures can onlr be takoi as a maTimal 
Taloe. M we shall see it is probable that the adnh does not require ncazly ao 
large an amount of inorganic salts. 

» G. Bange. ZeiUchr.f. Biolog., vol. x. p. 316: 1S74. 

* Bunge, loc. eit,, p. 326; and Da Bois' Arth., p. 539: IS36. 
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Out hundred p«rts of 
•ah oontun. 



K,0 
N.,0 
CaO . 
MgO. 



Saeking joang of animAl*. 


Dog's 
milk. 


Dog's 
blood. 


Babbit 


Dog. 


Cat 


10.8 
6.0 

35.0 
2.2 
0.23 

41.9 
4.9 


8.5 
8.2 

35.8 
1.6 
0.34 

39.8 
7.3 


10.1 
8.3 

34.1 
1.5 
0.24 

40.2 
7.1 


10.7 
6.1 

34.4 
1.5 
0.14 

37.5 

12.4 


3.1 
45.6 
0.9 
0.4 
9.4 

ia3 

35.6 



Dog's 
blood 



2.4 
52.1 
2.1 
0.5 
0.12 
5.9 
47.6 



This table shows the remarkable &ct that the proportion 
of the various inorganic substances to each other in milk^ is 
abnost the same as it is in the whole body of animals while 
they are being suckled. This correspondence is the more 
remarkable as the quantitative composition of the inorganic 
residue of blood is completely different. But the epithelial 
cells of the mammary gland do not derive their nourishment 
directly from the bloody but from the lymph which has tran- 
suded from the latter ; and the composition of the ash of lymph 
differs much more. The fact that the ash of milk contains 
more potassium and less sodium than the total ash of the 
suckling may be teleologically explained by the fact that, as I 
have proved by a series of analyses/ the animal as it grows 
always becomes richer in potassium and poorer in sodium; 
this probably depends on the relative increase of the muscles 
which contain an abundance of potassium, and the relative 
diminution of the cartilage which is rich in sodium. The 
larger amount of chlorin in milk may perhaps be explained by 
the &ct that the chlorids are useful, not only in the construc- 
tion of the organs, but also in the preparation of the digestive 
secretions, and that those chlorids which have reached the in- 
testine with the digestive secretions do not again become com- 
pletely absorbed. It appears also that the chlorids are impor- 
tant for renal secretion. The nitrogenous products of metabolism 
cannot be eliminated simply in the form of aqueous solutions ; 
the presence of chlorids is also necessary.* This is shown by 
the &ct, among others, that diuretics also increase the excretion 
of chlorin. 

It follows that the inorganic constituents are all appropri- 
ated by the epithelial cells of the mammary gland from the 



^ Bonge, loe. eU,, p. 324. 

'The chlorids are occasionally absent from the urine in certain febrile 
dueases, especiaUy in pneumonia. See Lecture XXVIII. 
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blood-plasma (which is of a totally different composition), in the 
exact proportion required by the Vung animal Sr its i^velop- 
ment into an organism like that of the parent. 

This fact alone refutes all previoos attempts at a mechanical 
explanation of the activity of the glands. It cannot be objected 
that the secretion of milk does not correspond with the compo- 
sition of the sucking animal^ but, on the contrary, that the tis- 
sues of the latter are built up in accordance with the composition 
of the milk ; for the incinerated puppies were only four days 
old, and were therefore bom with an ash of a composition cor- 
responding to that of the ash of the milk. We also find a simi- 
lar composition of the total ash as far down as the lower verte- 
brates, which have no mammary glands. 

We now know exactly what salts are required by the grow- 
ing animal, and in what proportion each must be introduced. 
We may now therefore ask whether the child, in passing fix)m 
milk to another form of diet, will continue to obtam these inor- 
ganic salts in sufficient quantities. In answer to this question, 
I give the following table containing the most reliable determi- 
nations of the constituents of the ash of the most important 
articles of diet, together with analyses of the ash of milk. 
The articles of diet are arranged according to the ratio of UUE 
contained : — 



Ik Oke HuxmRED Pabts of Dbisd Sxtbstakcb thx Pbopobtiokb 



Beef 

Wheat. . . 
Potato . . . 
Egg-albumin . 
Peas . . 
Human milk 

Yolk of egg . 
GoVs milk 



K,0. 


N»,0. 


OaO. 


MgO. 


Ft,0,. 


P.O.. 


1.66 


0.32 


0.029 


0.152 


0.02 


1.83 


0.62 


0.06 


0.065 


0.24 


0.026 


0.94 


2.28 


0.11 


0.100 


0.19 


0.042 


0.64 


1.44 


1.45 


0.130 


0.13 


0.026 


0.20 


1.13 


0.03 


0.137 


0.22 


0.024 


0.99 


0.58 


0.17 


0.243 


0.05 


0.003 


0.35 


0.27 


0.17 


0.380 


0.06 


0.040 


1.90 


1.67 


1.05 


1.51 


0.20 


0.003 


1.86 



CL» 



0.28 

(?) 

0.13 

1.32 

a) 

0.32 
0.35 
1.60 



The above table shows that the other articles of food possess 
all the inorganic constituents in as large or in a larger quan- 
tity than milk. Lime is the only inorganic material which we 
have to provide for in the choice of a child's food. If brought 
up on meat and bread a child would probably not obtain the 
lime requisite for the growth of its frame. The l^uminossB 
contain more ; but the only food which has the same amount 

^ The amount of chlorin in cereals and leguminossB has never yet been cor^ 
rectly determined, too low an estimate having been formed. Concerning this, 
sse Behaghel yon Adlerskron, Zeittehr.f, analyt, Chem,, vol. zii.: 1873. 
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as milk is the yolk of egg, whicli should thererore always be 
given to children wheu milk is either not procurable or cannot 
be digested. Considerable quantities of lime occur in Bpring- 
water, but it is not known whether these are assimilated. Lime 
is found combined with organic substance in food ; it is there- 
fore irrational to prescribe lime for children in the form of in- 
organic compounds. In medical practice, rickety children are 
constantly being ordered a couple of teaspoonfuls of lime-water. 
This is useless, because the amount ordered is far too small. A 
saturated solution of lime contains leas lime than cow's milk. 
In a pint of cow's milk I found 1.7 grm. CaO ; a pint of lime- 
water contains only 1.3 grm. CaO. 

The nature and causes of rickets are still quite unknown. 
It Ls a fact that artificial feeding of growing animals on a diet 
containing a little lime can produce a diminution of the salts of 
lime in the bones, rendering them abnormally pliable and 
brittle. It is also affirmed that in several experiments of this 
nature true rickets haa been produced with all the characteristics 
of this disease,' But it is equally a fact that children become 
rickety who have never suffered from want of lime in their 
food. In these cases it seems obvious to suppose tliat, owing 
to disturbed digestion, the lime salts have not been adequately 
absorbed ; * or that, in spite of adequate absorption, they 
have not been assimilated owing to abnormal processes in 
the bone-forming tissues. All speculation on the truth of 
either theory is quite useless, until we have careful and reli- 
able experiments on the metabolism of rickety children com- 
pared with that of healthy ones of the same ^e, and brought up 
on the same food. In spite of much esperimental work on the 
subject, all attempts to give a satisfactory explanation of the 
causation of osteomalacia have been as unsuccessful as in the 
case of rickets.' 

Finally, the above table shows that cow's milk, compared 
with organic food-stufiTs, is much richer in inoi^nic salts than 

' EnHo Voit. ZtiUchr. /. Bielog., vol. ivi. p. 65 : 1880. An account of the 
pTfrioua lilcntnre will aUo be round here. See Airtbcr. A. BagioEik;, Vin-how'a 
Arfk.. Tol. Uxivii. p. 301 : 18S3 ; and SeemBoa, ZtiUchT. f. klin. Mtd,, vol. t. 
pp. 1. ISa ; IS82. 

* la the rese&rches on the itbsorbnbilitr of calcium compounds wc meet with 
tbe max difficulty rb in the cb«c af the iron compounds (see Lect. XXV.): Che 
gmler part of the lime is excreted through the inteatines, onl; a small propor- 
tion finding it« wa]> into the uKne. On this point compare Fr. Voit. Zeifiehr. f. 
Biolog.. vol. xiix. p. 325: 1893. Here also will be found an account of the 
e&rlier Hork □□ tbe subject. Compare also Riidd, Arch,/, exper. Palh, u. Pliarm., 
Tol. iiiiii., pp. SO and 90, ISBS. 

'H. Stilling and J. v. Mering, Centralbl. f. d. med. Winauch., p. 603: 
isa9; L.Gelpke,"Diu08leomalaciciinErgalzthBJe": Basel, 1891, 
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human milk. This may be teleologically explained by the &ct 
that the calf grows much more rapidly than the in&nt. It is 
therefore probable that the adult organism could exist with a 
very small amount of salts ; in fact^ it is d priori difficult to 
see what the constant addition of salts is required for. In- 
organic salts serve a totally different purpose to the oiganic 
food-stuffs. The latter act as sources of energy ; chemical 
potential energy is introduced with them into our tissues^ and 
is converted by the decomposition and oxidation of these or- 
ganic substances into all those forms of kinetic energy which 
make up life as understood by our senses. They serve us by 
the very fiict of their decomposition. The necessity for their 
constant renewal is not only a matter of experience ; it is also 
at once apparent on d priori grounds. Inorganic salts must be 
regarded from a different point of view. These are already 
saturated compounds of oxygen^ or chlorids, which likewise 
have no affinity for oxygen. No energy is set free in the 
body by their decomposition and oxidation ; they can in no 
way become used up and useless. Why therefore are they 
renewed ? Even water behaves differently to the salts ; it as- 
sists in the elimination of the waste products of metabolism. 
The kidneys can only separate the nitrogenous substances 
when in a watery solution. The diffusion of gases in the 
lungs is only possible while the surface of the lungs is moist. 
The expired air is saturated with watery vapor. The evapo- 
ration of water from the surface of the skin plays a most im- 
portant part in r^ulating the heat of the body. The d priori 
necessity for a constant supply of water is thus likewise evi- 
dent. But it is otherwise with the salts. It is conceivable 
that if only the organic aliments and water always entered the 
organism in sufficient quantity^ the inorganic salts arising from 
the decay of the tissues might again be used in the reconstruc- 
tion of the tissues. Even if a little waste were unavoidable^ as 
by excretion with the feces in consequence of incomplete ab- 
sorption of the gastric juices, by the scaling off of the epidermis, 
the loss of hair, &c., yet we might expect that the full-grown 
organism would cling firmly to its store of salts, and would re- 
quire but a very small additional supply. The constant supply 
of salts in considerable quantities is not an d priori necessi^ 
for the adult. 

We must therefore determine the question by experiment. 
We might feed a full-grown animal for a long period exclu- 
sively on organic food-stuffs and water, and ascertain the dis- 
turbances that would occur, and the length of time it would live 
on such a diet. This fundamental experiment in metabolism had. 
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until quite recently, only once been made by Forster, Voit's 
assistant in Munich,^ 

Forster met with insaperable difficulties when he tried to 
obtain food free firom ash. It is possible to get carbohydrates 
and fiits free from ash, but no one has yet succeeded in 
separating proteid from all inorganic matter. Even crystal- 
line proteid contains all the constituents of ash in small 
quantity. Forster, in his experiments, employed the residue 
of the meat left from the preparation of Liebig^s extract of 
meat. After boiling it repeatedly with distilled water and 
drying, it still contained 0.8 per cent, of ash. Forster fed two 
dogs on this proteid containing this small amount of salts, as 
well as on &t, sugar, and starch-flour. He also fed three 
pigeons on starch-flour and casein, which likewise contained 
very little saline ingredient. 

Forster observed that the animals died remarkably quickly 
when fed on this diet. The three pigeons lived thirteen, 
twenty-five, and twenty-nine days. Oiie of the dogs was " so 
ill at the end of thirty-six days that he would certainly have 
died in a short time if the experiment had been continued, 
while the other was dying at the end of twenty-six days." 
When completely deprived of food, dogs live from forty to 
sixty days. Food from which the organic salts have been re- 
moved appears to be more rapidly fatal than the deprivation of 
all food. 

Forster concludes, fit>m these experiments, that the full- 
grown animal requires considerable quantities of inorganic 
salts. An objection may however be raised to this conclusion, 
for there is one condition to which Forster has omitted to draw 
attention — I mean the formation of free sulphuric acid frx)m 
the sulphur of the proteid. 

Proteid contains from ^ to 1} per cent, of sulphur which, 
in the decomposition and oxidation of proteid, is converted into 
sulphuric acid. Eighty per cent, of tiie sulphur taken in food 
appears in this form in the urine. Under normal conditions 
this sulphuric acid is united with the bases which are taken up 
with every form of animal and v^etable food. Animal food 
contains basic phosphates of the alkalies, carbonates of the 
alkalies, and alkali-albuminates ; vegetable food yields in addi- 
tion the alkaline salts of vegetable acids, such as tartaric, 
citric, malic, &c., which in the organism are converted into 
carbonates by oxidation. These bases saturate the sulphuric 
acid formed fit>m proteid. If the basic salts are removed fix)m 
the food, this powerful acid finds no bases at hand to neutralize 

* J. Foriter, ZeUsehr,/, Biolog., vol. ix. p. 297 : 1873. 



88 LECTURE VII 

it, and consequently attacks those bases which are int^;ral 
oonstitaents of the living tissues ; figuratively, it may be said 
to wrench individual bricks out of their places, and thus to 
induce the destruction of the edifice.^ This appears to me to 
be the cause of the rapid death in the animals experimented 
upon by Forster. The remarkable fact that the dogs died in a 
shorter time than when simply starved, would be explicable on 
this ground.^ The correctness of this reasoning has been tested 
experimentally by Limin.* 

Lunin fed a certain number of his animals with food de- 
prived of its mineral constituents ; the others were treated in a 
similar way, but with an addition of carbonate of soda which 
was just sufficient to neutralize the sulphuric acid formed fix)m 
the sulphur of the proteid. 

It was important to use as large a number of animals as 
possible, in order to eliminate the influence of accidental 
fitctors and thus arrive at a reliable result. Mice were there- 
fore chosen for the purpose, since it would have been almost 
impossible to obtain food free fix)m mineral constituents in the 
quantity requisite for a number of large animals. 

The food was prepared in the following manner. By pre- ' 
cipitating diluted milk with acetic acid, and washing the finely 
flooculent coagulum with water acidified with acetic acid, a 
mixture of fat and casein was obtained, which only contained 
from .05 to .08 of ash in 100 parts of dry matter, dierefore ten 
times less salts than in the experiments of Forster. To this 
mixture, cane sugar deprived of its ash was added as a repre- 
sentative of the third group of food-stuffs. 

On this food and distilled water, five mice lived eleven, 
thirteen, fourteen, fifteen, and twenty-one days. Two mice 
that were completely starved, lived four days : two more only 
three days. 

Again, six mice were fed upon the same food with the 
addition of carbonate of soda. These lived sixteen, twenty- 
three, twenty-four, twenty-six, twenty-seven, and thirty days, 
therefore twice as long as the animals which had no base to 
saturate the sulphuric acid formed. 

^ Ab we shaU see later on {vide Lecture XIX. )i the organism of the dog is 
able to protect itself against the ii^jurious action of free acids, by splitting off 
ammonia from the nitrogenous organic compounds. But this power is not 
unlimited, and it is doubtful whether the ammonia is invariably present in the 
particular cells in which the sulphuric acid thus liberated begins its work of 
destruction. 

«G. Bunge, Zeitschr.f, Biolog,, Tol. x. p. 130: 1874. 

* N. Lunin (Bunge's laboratory), " Ueber die Bedeutung der anorganiichen 
Salze fur die Emahrung des Thieres,'' Dissert.: Dorpat, 1880. Reprinted in 
Zeittehr, /. pkytiol, Chem,^ toI. y. p. 31 : 1881. 
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It might be objected that the animals lived longer, not be- 
of the neutralization of the sulphuric acid, but because 
!y obtained at least one inorganic ingredient. This objection 
answered by the following experiment, in which seven mice 
were given, cderig paribus, inst4^ of the carbonate of soda, an 
equivalent quantity of cblorid of sodium — that is, a neutral 
salt incapable of neutralizing the sulphuric acid. The seven 
mice expired after six, ten, eleven, fifteen, sixteen, seventeen, 
and twenty days. In this case, although they receivt'd two in- 
organic substances, sodium and cblorin, they lived only half as 
long as the animals which received but one, sodium, and in fact 
no longer than the animals wbich had no inoi^nic addition at 
all. The experiments were in complete accordance with my 
deductions. vVs a control, two parallel series of experimenta 
with potassium chlorid and potassium carbonate were carried 
out, and gave precisely the same results. 

By preventing the formation of free sulphuric acid, the 
imals lived tnice as long, but still for a very short period. As 

action of the acid could not have caused their death, what 

ie the mice die? Was the composition of the organic food- 
stuffs insufficient? In order to decide this question, all the 
iaorganic salts of milk were added to the same artificial mixture 
of organic food, in the exact proportions in which they exist 
in the ash of milk, and in the same relation to the amount of 
organic matter as in milk. Six mice lived twenty, twenty-three, 
twentj'-three, twenty-nine, thirty, and thirty-one days uimn this 
mixture — uo longer than they did with the carbonate of soda 
only. Of three mice which wore fed exclusively on cow's milk, 
one died after forty-seven days, and, as dtssectiou showed, of in- 
tussusception (compare p. 72) ; the two others lived in their 
cage for two and a half months, grew considerably fatter, and 
were in capita condition when the experiment ceased. 

It is a noteworthy fact that, although animals can live on 
milk alone, yet if all the coastitueuts of milk which according 
to the present teaching of physioli^y are necessary for the 
maintenance of the organism be mixed tt^ther, the animals 
rapidly die. Cannot cane sugar take the place of sugar of 
milk ? Or are the inorganic and organic constituents of milk 
chemically combined, and only assimilable in this combination? 
On precipitation of the casein by acetic acid, the small amount 
of proteid in the milk remained in solution. Cannot this 
proteid be replaced by the casein? Or does milk contain, in 
addition li> proteid, fat, and carbohydrates, other organic sub- 
stances, which are also indispensable to the maintenance of life? 
It would he worth while to continue the experiments. 
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The question as to the need of adult animals for inorganic 
salts cannot be considered as settled. Before it can be decided, 
we must become intimately acquainted with all the organic 
food-stufis which are indispensable ; we must also manage to 
combine them in such a way that they may be palatable to the 
animals during lengthened experiments. Finally, we must be 
^ able to saturate the sulphuric acid resulting fix)m the proteid — 
by means of a harmless organic base, such as cholin — ^without 
the addition of inorganic bases. But even then it would prob- 
ably be impossible to come to a decision, because it is beyond 
our power to ensure the presence of the base at the spot where 
the sulphuric acid is set fi*ee, or because the sulphates, formed 
with the base thus artificially introduced, expel the normal salts 
from the tissues. The difficulty appears for the present to be 
insuperable. 

There is only one inorganic salt about which I must add a 
few words, because it holds a rather exceptional position— com- 
mon salt. 

It is a very remarkable &ct that of all the inorganic salts 
in our bodies we only take one with our organic food-stuffs, 
and that is common salt We obtain enough of all the other 
salts fix)m the amount contained in our food, and we never 
think of providing ourselves with them separately. Conmion 
salt forms the only exception, which is the more remarkable as 
our diet is by no means deficient in it. All v^etable and 
animal food contains considerable quantities of chlorin and 
sodium. Why do these quantities not suffice, and why do we 
add common salt? 

In the earlier experiments made to decide this point, one 
fact was quite overlooked, which appears to me likely to lead 
to a correct solution of the difficulty. I mean the fact that 
the desire for salt in the food was only observed in the case 
of herbivora, and never in the case of camivora. Our car- 
nivorous domestic animals, the dog and the cat, prefer unsalted 
to salted food, and show great dislike to very salt food, while 
the domesticated herbivora are well known to be very fond of 
salt. The same thing has been observed in wild animals. It 
is a known fact that wild ruminants and hoofed animals seek 
out salt-rocks and pools, and places where salt effloresces, to lick 
the salt, and that hunters watch for them at such places, or 
expose salt as a bait. This has been noticed by numerous 
travellers to hold good for herbivora of all countries and climates, 
but it has never been observed in the case of beasts of prey. 

The difference is the more striking as the amount of salt 
which herbivorous animals take in with their food is, compared 
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with the weight of the body, generally not much less than that 
consumed by caraivorous aniioals. On the other hand there is 
a considerable difference in another constituent of the ash of 
their food, in the potaseium. Herbivorous animals take at 
least three or four times as much of salts of potassium as the 
carnivora. Thii^ fact leads me to imagine that the abundance 
of [Kttaseium in v^etable food is the cause of the need for salt 
in the herbivora. MW'v^-w 

If, for instance, a salt of potassium, such as potassium 
carbonate, meets with common salt or chlorid of sodium iu 
solution, a partial exchange takes place; chlorid of potassium 
and carbonate of sodium are formed. Now chlorid of sodium 
is well known to be the chief constituent among the inorganic 
ealtfi of blood-plasma. When, therefore, salts of potassiiun 
reach the blood by the absorption of food, an exchange takes 
place. Chlorid of potassium and tlie sodium salt of the acid 
which was combined with the potassium are formed. Instead 
of the chlorid of sodium, therefore, the blot>d now contuins 
another sodium salt, which did not form part of the uormal com- 
position of the blood, or at any rate not in so large a proportion. 
A foreign constituent or an excess of a normal constituent, i. e., 
sodium carbonate, has arisen in the blood. But the kidneys 
pofttcse the function of maintaining the same composition of the 
blood, and of thus eliminating every abnormal constituent and 
any excess of a normal constituent. The sodium salt formed is 
therL'fore ejected by the kidneys, together with the chlorid of 
potflsf^ium, and the blood becomes poorer in chlorin and 
t^odiiim. Common salt is therefore withdrawn from the or- 
ganism by the ingestion of potassium salts. This loss can only be 
made up from without, and this explains the fact that animals, 
which live on a diet rich in potassium, have a longing for salt. 

I have proved the correctness of this deduction by experi- 
ment. To a diet of uniform character salts of potassium were 
one day added, the consequence being a striking increase in 
the excretion of chlorin and sodium. I have tried this esjteri- 
ment on myself with all the saltn of potassium which are 
concerned in human nutrition. Eighteen grammes X^O, as 
phosphate or citrate, divided into three doses during the day, 
caused a lose to the body of 6 grms. of common salt, besides 2 

s. of sodium ; for the potassium salts effect an exchange, 
only with the chlorid, but also with other compounds of 
iium, as albuminate, carbonate, and phosphate. 

The amount of potassium taken in these experiments was 
nut large — in feet, much less than that introduced with the 
most important vegetable articles of diet ; and yet 6 grms. of 
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salt were withdrawn fix)m the organism hj it. This is about 
one-half of the common salt which is contained in the 6 liters 
of a man's blood. That other tissues likewise suffer by this 
loss is undoubted. But in the first instance the] blood is 
chiefly affected, and I think that if this loss in the blood was 
covered by a comparatively small loss in the other tissues, a 
fresh addition of potassium must have the effect of producing 
a fresh loss of sodium. Experiments of this kind have not 
so far been made. It has not yet been ascertained up to 
what point the body will continue to give up s5dium, whoi 
potassium is constantly taken. There is no doubt that a 
point would soon be reached at which the body would stoutly 
retain its remaining sodium. 

But even those quantities of chlorin and sodium, the 
loss of which I have specially investigated, appear to me 
sufficiently large to account for the need to replace them 
caused by eating v^etables containing an abundance of potas- 
sium. Having regard to the important part which salt plays 
in the organist (^n fl.e formatSn of thCSgestive secrJtio^ 
^ or in dissolving the globulins), even a small diminution may be 
prejudicial to certain functions, and may give rise to the need of 
recovering the loss. 

As already mentioned, the amount of potassium taken in 
my experiments was not more than 18 grms. A man who 
lives chiefly on potatoes takes, in the course of the day, up 
to 40 grms. of potassium. This shows why potatoes are so 
impalatable without salt, and are eaten everywhere with well- 
salted adjuncts. Like potatoes, all the other important vege- 
table articles of diet, the cereals and l^uminosse, are very rich 
in potassium, and this explains the &ct that country people, liv- 
ing mainly on a v^etable diet, use more salt than the inhabi- 
tants of towns, who eat a great deal of animal food. It has 
been statistically shown in France that people living in the 
country eat three times as much salt per head as those in towns. 

We may now ask what the people do who take no v^etable 
food at all. There are whole tribes of hunters, fishermen, and 
other nomads, who live entirely on animal food. We might 
expect that these people would, like the carnivorous animids, 
have a disinclination for salt. This is in fact the case. In 
order to ascertain this, I have gone through a very large 
number of works of travel, and have obtained a great deal of 
information from recent travellers, either personally or by 
letter. From all this it appears to be a universal rule that in 
all times and in all lands those people who live entirely upon 
animal food either have never heard of salt, or, if they possess 
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it, avoid it ; whereas the people whose staple food is vegetable 
have the greatest desire for it, and regard it as aa iDdiapeosable 
article of diet. 

This diderence was manifegtcd as &r back as the ancient 
. aod Roman times, wben the sacrificial animals were 

Ways offered to the gods without salt, but the fruits of the 
earth with salt. The Mosaic law expressly commanded the 
Jews to present their v^etable offerings accompanied by salt 
to iheir Deity,' 

The Indo-Germanic languages have no common word for 
salt, just as they have none for fanning ladnstries, whereas 
the terms used in cattle-breeding may mostly be traced back 
tn common roots. This probably shows that the Indo-Gcr- 
manic tribes knew nothing about salt so long as they were 
wandering about — an undifferentiated nation— pasturing tboir 
flocks on the summit and slopes of the mighty Buhir-Tagh. 
They first became acquainted with it after their dispersion, 
when they began farming and took to v^etable food. In 
the time depicted by Tacitus, we find the Germans just 
adopting fixed places of abode, and beginning tu devote 
themselves to agriculture. But at this time they did not 
know how to obtain a regular supply of salt, although the 
desire for it was already awakened in them, since Tacitus gives 
accounts of raging and decimating wars, which were carried on 
by different tribes for the possession of the salt-mines on the 
frontiers. 

The Finnish languages have up to the present day no word 
for salt. The western Finlanders, who are now engaged in 
farming, use salt and call it by the German name. On the 
other hand the eastern Finlanders, who etill lead hunters' and 
nomads' lives, use no salt whatever, and this is the case with 
all the other hunting, fishing, and nomadic tribes in the north 
of Russia and in Siberia. It is not because they are un- 
acquainted with salt, or cannot procure it, but because they 
have a decided dislike to it. In all parts of Siberia there 
are nwk-salt strata, salt lake^, and salt efflorescences. The 
Siberian hunters are only interested in these salt strata be- 
cause the fiueks of reindeer assemble in these places to lick the 
salt ; the hunters themselves devour their meat without it, A 
large number of Siberian travellers have informed me, both 
personally and by letter, that such is the case with all 
the Siberian tribes. The mineralogist, C. von Ditmar, who 
> The Kiarcci of tbne and ftii futloving BlatemeDta coni<ernme <lie nw of 
«It uooDK dlflercot nations are quoted in my work. ' 
tu AbhanHlune ub«r die Bedeulung des Kochsalies, d, 

■ r.p.lH: - 
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travelled over the whole of Siberia between 1861 and 1856, 
and lived for a long time among the Kamtschadales, writes to 
me as follows : ^^ I have frequently in mj travels, given those 
people (Kamtschadales, Korachs, Tschuktsches, Ainos, Tun- 
guses) some of mj salted viands to taste, and have noticed the 
grimaces they made, showing how much they disliked it.'' 
Ditmar relates how the Elamtschadales live chiefly on fish, 
which they throw into large holes dug in the ground, where 
the whole mass is soon turned into a " stinking jelly." The 
Russian Grovemment, disapproving of the El^tschadales' 
favorite food, which is certainly disgusting to any European 
and must be unwholesome, endeavored to introduce the salt- 
ing of fish by stringent regulations. Arrangements were made 
at Petropaulowski for obtaining salt from sea-water, and the 
salt was sold to the Kamtschadales at a nominal price. The 
Kamtschadales, who are an uncommonly docile race, obeyed 
orders, and the fish was conscientiously salted. But they did 
not eat it. They kept to their decomposing fish ; and at the 
time that Ditmar was in Kamschatka, the Russian Govern- 
ment had relinquished the task of persuading them as hopeless. 
Only the old people still spoke of that period as of a time of 
plague. Ditmar relates that the descendants of the Russians 
in Kamschatka do cultivate European v^etables, but only in 
small quantities, that they prefer the Kamtschadales' bill of 
&re, and accordingly their use of salt has gradually diminished. 
V^etables and cereals are only eaten in any quantity in Petro- 
paulowski, and here, on the other hand, the salt-cellar is always 
on the table. 

The astronomer, L. Schwarz, informed me that on his 
travels in the coimtry of the Tunguses, he lived exclusively on 
reindeer-flesh and game. This diet agreed perfectly with him, 
and he never experienced any wish for salt. 

But as it might be thought that the disinclination of the 
Siberian tribes for salt might be due, not to the animal food, 
but to the northern climate, I will refer to the accounts of the 
inhabitants of warm countries who live on an animal diet, and 
yet take no salt. 

In the Neilgherry Hills in India, a pastoral tribe, the Tudas, 
was first discovered during the present century. Owing to 
their being surrounded by fever marshes, the English had al- 
ways been prevented reaching them. They were totally unac- 
quainted with vegetable food, and lived on milk and buffalo- 
meat, knowing nothing of salt. 

The Kirghese also live on meat and milk, and never xiae 
salt, although they are inhabitants of the salt steppes. I was 
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infonned of this by Baron Majdell^ who travelled through the 
Kiighese Steppes in 1846 and in 18.47. 

Sallost relates the same thing of the Numidians : ^^ Numidse 
plemmque lacte et ferina came vescebantur et neqae salem 
neque idia irritamenta gul» qoserebant/' There is an abun- 
dance of salt on the norSi coast of Africa. 

At present there are certain tribes of Bedouins in Arabia 
who live under conditions similar to those of the Numidians in 
the time of Sallust. In Wrede's Travels it is stated that the 
Bedooins eat meat without salt, and appear to consider the use 
of salt as altogether ridiculous. 

The Bushmen in the south of Africa live hj the chase, and 
do not use any salt. 

The n^ro races on the contrary are agriculturists. The 
interior of Africa contains but little salt. At the present time 
the negroes are plentifully supplied with salt, both by importa- 
tion and by salt-boiling on the coast. Among the older trav- 
ellers, Mungo Park gives the following description of the 
longing of the n^roes for salt : '^ In the districts of the in- 
terior, salt b the greatest of all delicacies. It strikes a Euro- 
pean very strangely to observe a child sucking a piece of rock- 
salt as if it were sugar. I have frequently seen this done, 
although the poorer class of inhabitants in the interior are so 
badly provided with this costly article, that to say that a man eats 
salt with his meal is equivalent to saying that he is rich. I my- 
self have found the scarcity of this natural product very trying. 
Constant vegetable food causes a painful longing for salt that 
is quite indescribable. On the coast of Sierra Leone the desire 
for salt was so keen among the n^roes that they gave away 
wives, children, and everything that was dear to them, in return 
for it.'' 

The Indians of North America are well known to have been 
hunters and fishermen at the time of their discovery ; they did 
not use salt, although the North American prairies are full of it. 
Only a few tribes on the lower course of the Mississippi were 
diligent tillers of the soil at the time of the first invasion of the 
Spaniards. It is related of these tribes that they waged wars 
about the saltr^rings. 

The Mexicans were &rmers, and understood the methods of 
obtaining salt. The same account is given of the natives whom 
Columbus met with in the West Indian Islands. 

The shepherds of the South American pampas, who live 
entirely on meat and r^ard vegetable food as fit only for 
animals, do not use any salt, although the pampas abound in 
numberless salt-lakes and incrustations. The neighboring 
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Araucanians, on the other hand, who were fiurmers at the time 
of the discovery of America, made use both of sea-salt and rock- 
salt. The inhabitants of New Holland were hunters, and em- 
ployed no salt. 

Most of the tribes of Australia and of the East Indian 
Archipelago live on a mixed diet, and get enough salt from the 
marine animals that they eat. But there is an account of one 
purely agricultural tribe in the tropical islands, where the 
people live almost exclusively on the produce of the field, which 
is rich in potassium. They are the Battas in Sumatra. We 
should expect that these people would have a great desire for 
salt. For a long time I was unable to find any account about 
it in any books of travel, till at last I lighted upon a passage in 
a chapter describing their modes of l^al procedure, in which it 
said that the solemn form of oath in use among them ran as fol- 
lows : ^^ May my harvest fail, my cattle die, and may I never 
taste salt again, if I do not speak the truth.'' 

From the above facts we see that at every period, in 
every part of the world, and in every climate, there are 
people who use salt as well as those who do not. Tlie 
people who take salt, though difiering from each other in 
every other respect, are all characterized by a v^table diet ; 
in the same way, those who do not use any salt are all alike 
in taking animal food. We see that whole tribes, when 
forsaking their nomadic life for an agricultural one, b^in the 
use of salt; and that, vice verad, people who have been 
accustomed to take salt, cease to do so when they emigrate 
and settle down among a flesh-eating population. We see 
that European travellers, if their supply of salt fiuls them in 
foreign coimtries, do not feel any want of it if they are living 
on animal food ; but that, on the other hand, they experience 
'^ a painful longing '' for it if they adopt a v^tarian mode of 
diet. The causal connection between v^table food and the 
need for salt is undeniable. It might be still doubted whether 
it is really the abundance of potassium in the vegetables which 
causes this need. The occurrence of potassium in considerable 
quantity is not the only difference between v^etable and ani- 
mal food. The following &cts may serve to confirm my view 
of the matter : — 

One important article of v^etable diet, rice, is very poor in 
potassium salts. Rice contains six times less potassium than 
the European cereals (wheat, rye, barley), fix)m ten to twenty 
times less than the leguminosae, and from twenty to thirty 
times less than the potato. If we consume enough rice to 
yield 100 grms. of proteid, we only take in 1 grm. K,0 fiom 
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die same eource. But if we consume 100 grms. of proteid ia 
the form of potatoes, we should at the same time obtain above 
40 grms. KjO. We should therefore expect people who only 
take rice and do other v^etable with their meat to have no 
desire for salt. This is in fact the case, and is imiversally re- 
corded of certain tribes of Bedouins on the Arabian Peninsula, 
and of a few rac€£ in the East Indian Islands. 

Li. Lapicque has objected to my hypothesis on the grounds 
that certain n^ro rac«9, who can obtain no common salt, use 
instead as an adjunct to their v^etable food the ashes of a 
plant consisting chiefly of potassium salts, I caunot regard my 
hypothesis as controverted by this fact, unless it were shown 
that these n^rroes had a choice between common salt and salts 
of potash and gave the preference to the latter. If however 
they arc driven by need to the potash salts, it is possible that 
w€ have here merely an example of disordered instinct, for 
which we have other analogies. A man who has always taken 
alcohol instead of water to quench his thirst prefers the former 
to the latter, although the alcohol has the effect of increasing 
rather than of diminishing his thirst. 

The amount of potassium and sodium in the different articles 
of v^etable and animal food eaten by man and animals may be 
gathered from the following tables : 



In 1000 Parts i 



TABLE 1. 
' Drikd Subbtancbs the Proportions abb — 



Amiiged xcordlng k 




moant 














K,0, 


N..0. 




N.^ 


BiM. 


1 


0.03 


Rice 


0.03 


Bullock'i blood . . . 


2 


19.0 




0.07 








ReaiiB ... ... 


0.13 


Vbeai 

Bje 


5-fl 


0.1- 0,4 


Peaa 

CloTer 


0.17 
0.17 


B«Uy 






Osts 






5-6 


2.0-3.0 


Wheat 


0.1- 0.4 


Eunun milk . . 


6-6 


1.0- 2.0 


Barley ' ' 


AppU« 


11 


O.I 


Rye 






12 


0,3 


Potatoes 


0,3- 


Hilk ofherbkon . . 


9-17 


I.O-IO.O 


nay .... 


0,3- 1.6 


Hay 


ft-18 


0.3- 1.5 






R^ 


19 


3.0 


DoK'srailk .... 
Milk of herbivore . 


2.0- 3.0 


Bffix* 


21 


0.1 


1.0-10.0 




22 


0.2 


Beet 


3.0 


Oortt 


23 


0.1 


Bollock's blood . . 


19.0 


Focatoea . ... 


20-28 


0.3- 0.6 
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We see firom the second table ihat the beast of prey^ which 
devours every part of an animal, obtains potassiom and so- 
dium in almost equal quantity. This is the case, not only with 
mammals, but with the whole class of vertebrates.^ On the 
other hand, four equivalents of potassium are present for every 
equivalent of sodium in the bloodless meat of slaughtered ani- 
mals. It is therefore noteworthy that the people who live on 
an animal diet without salt^ carefully avoid loss of blood when 
they slaughter the animals. This was told me by four dif- 
ferent naturalists, who have lived among flesh-eaters in various 
parts of northern Russia and Siberia. The Samoyedes, when 
dining off reindeer-flesh, dip every mouthful in blood be- 
fore eating it. The Esquimaux, in Greenland, are said to 
plug the woimd as soon as they have killed a seal.' Among 
the Masai, a tribe of eastern equatorial Africa, who during 
their period as warriors from sevente^i to twenty-four years 
of age, live exclusively on an animal diet without salt, blood is 
r^arded as the choicest and most desirable of all articles of 
food.* 

TABLE IL 
[ Fob One EquivAiJENT Na,0 ths EquiVAUENTB of K,0 abx 



Bullock's blood ■ . . 
Egg-albumin .... 
Yolk of egg .... 
The wholeBodj of mam- 
mals . ... 
Milk of camiyora . . 
Mangel-wunel . . . 
Human milk 
Milk of herbivora . . 

Beef 

Wheat 



Eqairalaiit 
K.0 



0.07 

0.7 

1.0 

0.7- 1.3 
0.8- 1.6 

2.0 
1.0- 4.0 
0.8- 6.0 

4.0 
12.0-23.0 



Barlej . . 

Oats . . . 

Rice . . . 

Rje 

Hiy 

Potatoes 

Peas 

Strawberries 

Clover 

Apples . . 

Beans . . . 



EquiTalsnt 
K«0 



14-21 
16-21 
24 
»-57 
3^7 
31-42 
44-M 
71 
90 
100 
110 



The two bases are also contained in the milk of camivora 
in equal proportions, whereas potassium generallj preponde- 
rates largely in the milk of herbivora and in human nulk, as 



1 A. von Bezold, "Das chemische SkeleU der Wirbelthiere/' ZeiUehr. fur 
wiueruehaftl, Zoologie^ yoI. Iz. p. 241 : 1858 ; 0. Bunge, 2S€iUachr,f. Biolog,, yoI. 
X. p. 318: 1874. 

> The exact source of these fiEicts is given in the ZeiUehr. /. Biolog., vol. x. p. 
115 (note) : 1874. 

s Vide H. H. Johnston, " EUimancyaro." 
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may be seen by a reference to Table 11, This ahows that man 'i 
and herbivora can do very well od a diet, in which the relation \ | 
ia from four to six equivalents of potassium to one equivalent 
of sodium, without any addition of salt. And there are many 
vegetables in which the proportion is no higher. In hay, 
which is a mixture of all kinds of herbage, the proportion is 
aometimes, as the above table shows, only as three to one. It 
is a fact that many wild herbivorous mammals, such as hares 
and rabbits, never eat salt, aud in many places it is not odered 
to herbivorous domestic mammals. A keen desire for salt would 
only be awakeued in these animals if they were exclusively fed 
on one of the varieties of herbage containing both the most 
potassium and the least sodium, such as clover. The wild 
herbivora perhaps instinctively avoid browsing only on the 
herbage that contains the largest proportion of potassium. 
But the domesticated animals would suffer if they were given 
food that was very rich in potassium, without salt. I will not 
affirm that they could not exist under this treatment, although 
&rmer8 have found by experience that the animals eat more 
and thrive better if they are allowed to have salt, and even 
that obvious ill-effects follow a complete abstinence from this 
article.' Nor do I maintain that human beings cannot exist 
without salt on a diet almost entirely vegetarian. But if we 
had no salt, we should have a strong disinclination to eat lai^ 
qaantities of a vegetable rich in potassium, such as potatoes. 
The nse of salt enables us to employ a larger variety of tbe 
earth's products as food than we could without it. 

It is particularly worthy of note that those articles of diet 
in which, according to Table II., the proportion of potassium 
to sodium is the highest, such as rye, potatoes, peas, and beans, 
are the very ones that form the staple food of the lower classes 
in Europe. The injustice of a salt-tax is therefore apparent, 
for the poorer a man is the more he is forced to live on the 
vegetables containing the largest amount of potassium, and the 
greater bis consumption of salt in consequence. 

Id passing, I must call attention to the fact that we are ' 
accustomed to take &r too much salt with our viands. Salt is 
not only an aliment, it is also a condiment, and easily lends 
itself, as all such things do, to abuse. A glance at Table III. 
abows OS how little salt need be added to most articles of diet 



' Bural, "Slatique diimique di>» animaux, Bppliqu6e apMalemeiit H Ik 
qiMation de I'emploi agricole du k1 " : Paris, 1850; BousBiDgault, Ann. dt Chvn. 
ltd* Phai., til. Ill, vol. iiii. p. 110: 1S4S. Demesmaf, Joturnal da ^amo- 
mitui, vol. IZT. pp. 7, 261 : 1S49 ; Desaire. " Ueber den vietnltigen Natun 
dca Saliea in der Lsndwintuohafl." DenUcb toq Protz : Leipiig, 1862. 
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in order to preserve the same proportion of the alkalies as in 
milk. For instance, from 1 to 2 grms. of salt in the daj 
would be sufficient to add to a diet of cereals and l^uminossB, 
or a few decigrammes to a diet of rice. Instead of this, most 
people take from 20 to 30 grms. daily, and frequently even 



more. 



TABLE III. 
Fob EVMtY One Hundred Qbms. of Pboteid we oft — 



Bollock's blood 

Rice 

Beef. . . . 
Wheat I 

Peas J ' 

Human milk . 
Potatoes . . 



K,o. 



0.2 gnns. 
1.0 " 
2.0 " 

2.0-5.0 " 

6.0-6.0 " 
42 " 



Na,0. 



2.0 grms. 
0.03 " 
0.3 " 

0.06-0.3 *' 



1.0 -2.4 
0.7 



It 



We must ask whether our kidneys are really able to 
eleminate such large quantities of salt? Do we not impose too 
great a task upon them, and may it not be fraught with 
serious consequences ? When on a diet of meat and bread, 
without salt, we excrete not more than from 6 to 8 grms. of 
alkaline salts in twenty-four hours. With a diet of potatoes, 
and a corresponding addition of salt, over 100 grms. of 
alkaline salts pass tlirou&^h the kidneys in the day. May not 
Aere be danger in this^? The habit of drinJg spinous 
liquors, which moreover is reckoned one of the causes of 
chronic nephritis, also brings about the immoderate use of 
salt,^ and thus one sin against nature leads to another. These 
are questions to which I would direct the attention of practi- 
tioners. 

There is no organ in our body so mercilessly ill treated as 
the kidneys. The stomach reacts against overloading. The 
kidneys are obliged to let everything pass through them, and 
the harm done to them is not felt till it is too late to avoid the 
evil consequences. 

I would further call attention to the slight amount of 
work that devolves upon the kidneys when rice is the staple 
food. Only 2 grms. of alkaline salts are excreted in twenty- 



1 Compare H. Keller (BanKe's laboratory), Zn^Ar. f.phyiiol, Chem., toL 
xiii. pp. 130 and 134 : 1889. 
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fcoT hoars. The enperiority of rice (which has for ceoturies 
been the food of the majority of maDkind — Persians, Indians, 
Chinese, Japanese) over potato is evident. Should not rioe 
be employed as a chief article of diet in patients with renal 
disease? The same with aSections of the stomach, for the 
potassium salb» act as a powerful irritant to the gastric mucous 
membrane,' and rice contains less of these than any other article 
of food. 

I cannot leave this subject without, in conclusion, giving 
expression to one other theory which is becoming more and 
more a conviction with me, and in proof of which I have car- 
ried oot a series of troublesome experiments. I have not 
hitherto ventured to publish tiiem, b^use I was well aware 
that the theory might be thought very fanciful while the 
grounds upon which it was built were still so scitnty. I am 
however convinced that the remarkably high percentage of 
Bait in vertebrate animals, as well as the desire to take salt 
with our food, can only be satisfactorily explained by the theory 
of evolntion. 

Let us glance at the distribution of the two alkalies, po- 
tassium and sodium, over the whole surface of the globe. In 
our introductory remarks on the circulation of the elementa, I 
mentioned the struggle that went on between the carbonic acid 
and the silicic acid for the possession of the bases (see p. 15). 
In this convict the carbonic acid shows a greater affinity Jbr 
sodium, and the silicic acid for potassium. By the action of 
the weather on silicic rocks, the sodium, after decomposition, 
is dissolved in water as a carbonate, and trickles with the 
water into the ground. The potassium on the contrary, with 
other bases, especially alumina, remains combined witi the 
alicic acid, and continues to lie on the surface as an insoluble 
doable salt. When the sodium carbonate reaches the sea by 
means of springs, streams, and rivers, it is converted by the 
chlorids of the alkaline eartlis into common salt, the insoluble 
carbonates of the alkaline earths are formed, which sink to 
the bottom, and are continually building up whole mountain 
ranges in the shape of lime, chalk, and dolomite. Sea-water is 
thus rich in common salt, poor in potassium salts, while the 
surface of dry land is rich in potassium salts and poor in 
common salt. 

The amount of common salt in the organism corresponds 
with the amount in the environment. Sodium differs in this 
respect from potassium, which is an integral, indispensable 
1, p. 130 : 1873 ; and Pfluger-* Arch., 
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oonstituent of every vegetable and animal cell. Every oell 

has Uie power of ^Ud^wing and of assimikting the i^uisite 
amount of this base, even from the most scantily sapplied soil. 
All sea and land plants therefore contain an abundance of 
potassium. Sodium on the other hand does not appear to plaj 
such an important part. Many plants contain only traces of 
sodium ; those which are rich in it are only the searweeds and 
the plants which grow on the sea-shore, and on the salt steppes 
which are dried-up sea-basins. There are only a few apparent 
exceptions to this rule, as for instance in the classes of Cheno- 
podium and Atriplex. But these species thrive only in a 
saline soil ; they are closely allied to the denizens of the salt 
steppes, and have probably migrated fix)m there. Among cul- 
tivated plants, the Beta atUmmay which also belongs to the 
Chenopodiacese, is the only one rich in sodium, and this was 
originally indigenous on the sea-coast. 

This is also the case with invertebrate tmimals ; only those 
which live in the sea, and those nearest allied to them on land, 
contain much salt. The typical representatives of land inverte- 
brates, the insects, have very little salt in them. I have myself 
made an analysis which proves that they do not contain more 
sodium than the plants itom which they derive their nourish- 
ment. 

The land vertebrates are all remarkably rich in salt, in spite 
of the scanty supply around them. But even these are only 
apparent exceptions. We need but remember the &ct that the 
first vertebrates on our planet all lived in the sea. Is not the 
large amount of chlorid of sodium found in the present inhabi- 
tants of dry land another proof of the genealogical connection 
which we are forced to accept from morphologioal fieusts? There 
IS no doubt that each of us in his individual development has 
gone through a stage in which he still possessed the chorda 
dorsalis and the branchial arches of his sea-dwelling ancestors. 
Why may not the high average of salt in our tissues be also in- 
herited from them ? 

If this interpretation be correct, we should expect that the 
younger the vertebrates are in their individual development^ 
the more salt they would possess. This is in &ct thp case. I 
have convinced myself by numerous experiments that an 
embryo of a mammal contains more salt than a new-bom 
animal, and that it gradually becomes, after birth, poorer in 
ohlorin and sodium as it develops. .Cartilage contains the 
most sodium of any tissue in our bodies, besides being also the 
tissue of greatest antiquity. It is histologically identical 
with the tissue which still survives in the skeleton of the 
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Sdachians, a salt-water animal^ daring its whole life. The 
hmnan skeleton^ as every one knows^ is originally also composed 
of cartilage, and even before birth much of this is replaced by 
bone. This phenomenon cannot be nnderstood on tdeological 
gronnds; it can only be explained by the theory of evolution. 
We cannot assume that the cartilage period must be passed, 
through in order that the bone may develop fix)m the cartilage. 
This is not the &ct. Bone does not arise fix)m cartilage. 
The cartilage is entirely absorbed, and the bone grows fix)m 
the perichondrium to take the place of the cartilage. And 
moreover the oldest formation, the cartilage, also contains the 
largest proportion of sodium. 

These are &cts which lead most readily to the interpreta- 
tion that the vertebrates living on diy land originally came 
from the sea, and are still continuing to adapt themselves to 
their present surroundings, where they can get but little salt. 
We prolong this process of acclimatization by taking advantage 
of the salt strata which have been left on the kmd by our 
primeval dement, the salt flood. 



LECTURE VIII 

MILK AND THE FOOD OF INFANTS 

We have already had occasion in considering food-stuffs to 
make frequent mention of milk^ the nourishment which nature 
provides for the growing organism^ and we may now consider 
this subject more in detail. 

In the following table I give the results of the analyses of 
milk/ so far as they have been carried out up to the present 
time: — 

One Hundred Pabts of MHiK Gontadt — 





Haman. 


Dog. 
5.2 


Cmt. 
3.1 


Rabbit 


Guinea^ 


Sow. 

• 


Elephant. 




I. 


n. 
1.2 


III. 




pig. 


Oasein 


,, 


^^^ 


^^^m 


Albamin . 


_ 


0.5 




1.9 


6.4 


— ^ 


— 


.^_ 


m,^^ 


Total proteids . . . 


1.7 


1.7 


1.5 


7.1 


9.5 


15.5 


11.2 


5.9 


3.1 


Fat . . 


3.1 


3.8 


3.3 


12.5 


3.3 


10.5 


45.8 


6.9 


19.6 


Sugar of milk 
Ash 


5.9 


6.0 


6.5 


3.5 


4.9 


2.0 


1.3 


3.8 


8.8 


0.2 


0.2 


0.3 


1.3 


0.6 


2.6 


0.6 


1.1 


0.7 



^ In the cases of mare's, cow's, goat's, and sheep's milk, I have taken the 
average figures as calculated by J. Konig in his " Chemistry of Human Food- 
stuffs," 3d edition, Berlin, 1889. The few older and less reliable analyses have 
been superseded by the numerous later ones carried out according to accurate 
methods. For sow's milk I have, in calculating the average composition, adopted 
only the last four of Konig's nine analyses since the earlier analyses, in con- 
sequence of the incomplete extraction of the casein precipitate with ether, 
obviously give too small an amount of fat and too large a one of casein. For the 
same reason I have only employed for dog's milk two analyses of my pupil Fr. 
Proscher, in which the &t was completely extracted by means of the Soxhiet 
apparatus {Zeittehr, /. phyticL Chem,, vol. xxiv. p. 290: 1897). The analysis 
of rabbit's milk is by A. Pizzi {Le Hat. sperim, a^jrie, itcU,, vol. xxvi. p. 615 : 
1894) ; that of reindeer milk by Fr. Werenskiold {Chemikerteitung^ vol. xix., 
1895) ; that of porpoise milk by Frankland ( The Chemical NetDs^ vol. Ixi. p. 
63: 1890). The mean figures for the milk of the remaining animals are 
reckoned from the small number of analyses which have so far been made and 
are to be found in Konig's work. Finally, as regards human milk, nearly all 
the analyses have been carried out by inaccurate methods. After close in- 
vestigation, it seems to me that the analyses of the following authors are the 
most worthy of confidence : ( 1 ) Emil Pfeiffer, Jahrb, /. Kinderhetlkunde^ vol. xx. 
p. 389: 1883; (2) Julius Lehmann, Pfluger's Arch., vol. Ivi. p. 677: 1894; (3) 
Soldner, Zeittehr. f. Biolog.^ vol. xxxiii. p. 66 : 1896. The average oomporitions 
obtained by these three authors are given seimrately in the following tables as 
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On HmmKXD Puns 


OF HlUE COHTAIH (oonttlUMJ)- 








Dao- 


0... 


QwL 


ahwp. 


Bdn- 
dMr. 


QiineL 


u^ 


,„Sr- 


(WiD . . . . 




















Alltonin . . . 


0.fi 


1.B 


(IR 


1 1 


1.6 


•f.l} 




0.9 




ToWproteida . 


2.0 


2.2 


:<h 


4,.H 


H.fi 


KU 


4.(1 


:(.» 


7.6' 




1.2 


l.fi 


8.7 


4.fi 


BH 


17.1 


3.1 


3,2 


43. B 


ftpi-rfmilk . 


B.7 


fiO 


4fl 


4fi 


4.9 


■rlH 


6.6 


5.6 






0.4 


0.5 


0.7 


0.8 


o.« 


1.6 


U.8 


0.8 


0.6 



AKALTSES OF ASH. 
On Tbodb&sd Plan or Hh-k Contain— 





lUn. 


!»»«■ 


Hone. 


Cow. 


Oo>t. 


Sh*^ 


1.0 


0.780 




1.05 


1.77 


2.35 


1.17 


Si". :::::: : 


0.232 


0.81 


0.14 


1.11 


0.52 


1.08 


0.338 


4.&3 


1.24 


1.60 


2.10 


272 


MgO 


0.064 


0.20 


0.13 


0.21 


0.36 


0.50 




0.004 


0.02 


0.02 


0.004 


0.015 


0.04 


W. 


0.473 


4.93 


1.31 


1.97 


3.22 


4.12 




0.436 


1.63 


0.31 


1.70 


2.04 









The composition of the milk in various mammals is thus very 
Btiiking in its variability. So far as I know, no attempt has 
been made to explain this difference. It appears to me that a 
teleolc^cal explanation may be found in the different rate of 
growtii of £he sucklings. It is a plausible conjecture that a 
more rapidly growing animal needs a milk richer in those con- 
Btitacmts which serve particularly to build up tissue — ^proteid 
and inorganic salts. This connection appeared in the analyses 
of milk'which I published in 1874. 

On HmrDRED Pabts of Mii.k Contained— 





ProWd. 


AllL 




1.4 
1.8 
4.0 

S.9 




Hon* 


0.41 


Dog 


1.31 



N<M. I., II., kod III. It ipMk* well for thew flgum that, fklthough obtained by 
Terj dlffiuent ii>ethodi, thflj all agree well with e&ch other. The analyMCof 
the aah tat obtained from O. Bunge, ZnUchr. f. Biotog., vol. I. p. 29S: 1874; 
and fiam Fr. PrSaiJlier, loe. dt. 

> Pnileida and ngar of milk. 

■0. Bonce, ZeUtdir.f. Sielcg., toI. x. p. 395: 1S74. 
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Now it is well known that the infant grows more slowly than 
the foaly the foal than the calf, the calf than the dog. In order 
to see whether this theory held good universally I suggested 
to Mr. Proscher that he should estimate the rapidity of growth 
of the domestic animals during lactation^ as so &r the weights 
at different periods had only been ascertained in the case of 
in&ntSy foalsy and calves.^ In the following table I give the 
results of these weighings as well as the most reliable average 
figures of the proteid and ash of the milk. Of the constituents 
of the ashy the amounts of phosphoric acid and lime are par- 
ticularly mentioned^ since these substances are especially con- 
oemed in the building up of the tissues. The alkaline chlorids 
stand in a different position^ and play an important part in 
excretion.' 

Okb Huin>BED Pabtb of Milk Contain — 



Time in which the bodv-weight 

of the new-bom animal 

waa doubled. 

Man 180 days 

Hone. . eo *^ 

Cow. . . 47 " 

Goat . . 19 " . . . . . 

Pig. 18 " 

Sheep 10 " 

Bog. . . 8 " 

OA . . . 7 " 



Proteid. 


Aih. 


Lime. 


1.6 


0.2 


0.828 


2.0 


0.4 


1.24 


8.5 


0.7 


1.60 


4.3 


0.8 


2.10 


5.9 


— 


— . 


6.5 


0.9 


2.72 


7.1 


1.8 


4.58 


9.5 


— 


— 



Phoephoito 



0.478 
1.81 
1.97 
3.22 



4.12 
4.98 



These results thus confirm in a striking manner the sag^ 
gestion which was put forward above. The agreement would 
perhaps be still more complete if the specimens of milk 
analyzed had all been taken at the time that the weight 
was first doubled. A sample of the milk should be analyied 
every day from the date of birth until that on which the 
weight was doubled^ and the average of these analyses taken. 
For instance^ the amount of proteid and ash in the milk 
diminishes with the duration of lactation. The suckling grows 
the most rapidly directly after birth^ and increases in weight 
by d^rrees more and more slowly. The composition of the 
mUk varies in aoooidanoe with the growlh. llbe same law 
which we have laid down in the case of the various mammals 
also holds good for the various stages of development in the 
individual. My attention was directed to their connection by 



^ Fr. Proscher, ZeUichr, /. Biohg,, vol. xxiy. p. 285 : 1897. 
* Compare the agreement in the composition of the ash of milk and that of 
the suckling discussed in the last chapter. 
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■n analysis of milk published in 1874. Thus in one woman 
during the first month afterbirth the milk contained 15 per 
mille proteid, whereas in the tenth month the amount bad 
dropped to 9 per mille ; the proportion of ash having likewise 
decreased.' The diminution of proteid in the milk ns lactation 
proceedE has also been observed and tabulated by other authors 
for man and animals.' 

It has long been known that the proportion of proteid in 
milk is very large from the first to the third day after birth, 
•nd tliis may be recognized without any quantitative estimatioa 
from the feet that this milk, to which the name of colostrum 
has been given, coagulates on boiling. As a practical result of 
ihis fact, a wet nurse can never completely replace the mother 
tmless her in&nt has been born on the same day as her foster 
child. 

Ae regards the remarkable difference in the amoimts of fat 
and sugar in the milk of various animals, we might anticipate 
■that here climate might have the same intluence that we have 
seen it to possess for the food of man in cold and hot coun- 
tries. As already mentioned, people in cold regions instino- 
tively adopt u diet rich in fat and poor in sugar, while the 
converse is the case among the inhabitants of warm countries. 
Correspondingly we find the milk of animals which originally 
lived in a warm climate, rich in sugar and poor in fat (camel, 
llama, horse, donkey), while the milk of animals inhabiting 
the North is rich in fat and poor in sugar (reindeer). The 
Aomposidon of human milk ehows that the human race was 
cradled in the warmer r^ions of the earth and supports a 
hypothesis which is based on many other grounds. The ex- 
oqition to this rule, e. g., the higher percentage of fat in the 
milk of the elephant, a native of southern climes, may be more 
apparent than real. It is possible that the elephant maybe de- 
scended from a northern ancestor, since the mammoth is known 
to have lived during the diluvial period in the present home of 
the reindeer. The elephant may therefore have emigrated 
southwards and have partially preserved the original compo- 
sition of the milk, A thorough comparative analysis of the 
milk of all mammals may perhaps be the means in the future 
of controlling all the conclusions which have been arrived at 
by comparative anatomists, paleontologists, systematis-ts, and 
natural historians. 

The high percentage of fat in Ae milk of the dolphin 

' O. Bongi, tor. ril.. pp. 516 and 317. 

■Th. BninacT, POnger't Arch., vnl. rii. p. 410: 1873; SJedamgrotikj d. Hof- 
nriiMr. Stiuh, a. d, ehfm, phyiiol. Vtritiehiit. d. ThUrartneUchuU in Dreiden, 
ISTS. H. Weiske a. Q. Kennepohl, Joum /. Laadui.. vol. xzii. p. 161 ; 1881. 
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(CHobioeqikalug melas) (three times as much as in that of the 
reindeer) may be explained on two grounds, firstly, that it lives 
in high latitudes, and secondly, that, being an aquatic animal, it 
is surrounded by a better conductor of heat than is the case with 
aninmls that live on land, and so needs fur the maintenance of 
its temperature a higher proportion of the food-stuff with the 
greatest potential energy, i, e,, fat. 

The great amount of fat in the milk of guinea-pigs cannot 
be explained in this way, since these animals come originally 
from a tropical country — Peru. From the first day of birth the 
g;uinea-pig picks up its own food by the mother's side. The milk 
in this case plays but a secondary part therefore in its nutrition, 
and only supplies a welcome addition to the v^etable food so 
deficient in fat. 

These observations show how carefully nature has provided 
for the supply of all necessary food-stuffs in their due propor- 
tions. It is therefore not a matter of indifference whether the 
young derives its nourishment from its own mother or from the 
milk of another animal, or even from an artificial food. Even 
were the constituents and their proportions in the milk known 
to us, the preparation of such an artificial food would present 
considerable difficulties. But we must acknowledge that we are 
possibly not even acquainted with all the constituents. For in- 
stance, the various proteids and nucleins of milk have not yet 
been separated out as chemical entities, nor have their charac- 
teristics in this condition been studied. And finally there is the 
possibility that milk may contain small amounts of substances 
not yet discovered, which may nevertheless piay an important 
part in nutrition. 

Now in consequence of the degeneration of our race and as 
a result of the indifference of many mothers, the necessity for 
die artificial rearing of infants frequently arises. 

A glauce at the table on p. 106 shows that if cow's milk be 
diluted with an equal volume of water the amount of proteid 
is nearly the same as in human milk. The total ash is only 
slightly higher; the quantity of lime however is two and a half 
times, that of phosphoric acid twice as great. The smaller 
proportion of siigar and fat can be supplied by the addition of 
sugar of milk and cream. 

Instead of a solution of sugar of milk, cow's milk is some- 
times diluted with solutions of other forms of sugar as well 
as with starchy decoctions from all kinds of cereals.' Which 

■ ikn &is»iiiit of the comprehenaiTe lit«mtiir« on the subject of the artiGcial 

hediaEorinfkiitsiaeivenbjPh. Biedert. " Die Kindcrr— = ■- '- '-'■ -'■ -- 

- r'^Sd ■- " - " ■ ■ 
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of these is the more digestible for infants it is difficult to decide 
owing to individual variations; hence for the present no rule 
can be laid down, especially as no trustworthy statistics are 
ivailable on this subject. 

Experience however shows that many children are incapable 
of digesting any form of diluted cow's milk, and that in uo 
nse does it completely replace the mother's milk. 
What are the reasons for this fact ? 

1. The caseinogen of human milk is not identical with that 

^-gf cow's milk, as is shown by the var^'ing proportion of phoa- 

HM>ni8 and sulphur. The caseinogen belongs to the so-called 

^HDolco-albnmlDS, i. e., to the substances which on artiticial di- 

^^BBtion split up into peptone and a substance resembling nii- 

clein. The easeinogens therefore invariably contain considerable 

amonnts of phosphoric acid as well as some lime. According 

tu Lehmann and Hempel ' the percentage of phosphate of lime 

in tbe caseinogen of human milk is 3.2, and in cow's milk 6.6. 

The proportion of sulphur in the two cases is 1.1 per cent., and 

0. 72 per cent. 

A complete and accurate analysis of cow's caseinogen has 
fcfcn made by Hammarsten.' This may be compared with the 
ualysis of the caseinogen of human milk, which was carried 
by Wroblewski ' under Drechsel's guidance. 



I 



Ftom Mw'« mltk. 
C 52.96 
H 7.0a 
N 16.65 
S 0.74 



2. By the action of rennet ferment* in the stomach, the 

* Jul. LehmnDD d. W. Hempel, Pfliiger'a Arch., vol. Wi. p. 674 : 1894. 
» H«mm»meQ. ZtUtKr. /. phj/tiol. Chem., vol. lii. p. 3fl»: 1883; and 
ToL ii.p. 296: 18«5. 

■ A. Wroblewski. " Beitr. zur Keontnisa cies Frftuenmilehcaseina u. seiner 
QntCTMhiede vom KnhcaBein." Dissert.. Rent, ISIM. 

*'ni( significaiKW of rennt^t ferment and of casein coagulation in the ^tomiich 
iiftill aoeiplaiiicd. For h knowledge of the eiperinienls which have been mode 
«illi % «iew to the elucidation of thi« problem I rvcammend: HBmniarsteD, 
Cpala Ukareforenningi Forhandlingar, 8, p. 63 : 1R7S : 9, pp. 3fi3 and 462: 
lint (mnplele sccoant in KaXy't Jahretber. J. Thirr Chenie). "Znr Kenntniss 
i» Ciarin* D. der Wirkung des Lfthferments," Upsala, 1877. Boppe-Styltr't 
Zaltir.. >ol. uii. p. 103: 1896. Alei. Schmidt, " Bcitr. X. Kenutniss der 
UiH." Dorpat, 1874. M. C. du Sur, " Melkfitrcmmeade werklng van den 
aHliahoftd bij joDge migelingen.," Din., Aoisterdam. 1890. M. Arthaa et C. 
Figti. ..IikA. dt Phynol.. ISfO, pp. 331 and 540. MHa. toe. bioL, vol. iliii. 
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caseinoeen of human milk coacrulatee in fine floocula. that of 
ooWsSilk in coarse lun>ps, wS. by many children <4nnot be 
digested. If the coVs milk be diluted with a solution of 
milk-sugar^ the coarse precipitation is prevented. Althou^ 
by such means it is possible to avoid tibe aggr^ation of tibe 
precipitate into solid lumps^ this clot still remains closer^ 
tougher^ and more indigestible than that of human milk. This 
seems to depend on die greater percentage of lime and the 
smaller alkalinity of coVs milk. As Soxhlet^ has clearly 
pointed out, any attempt to get rid of these differences is beset 
with great difficulties^ which at present are in practice almost 
insuperable. 

It might have been anticipated that better results would be 
obtained if instead of cow's milk the milk of some animal which 
in its composition more closely resembled human milk were em- 
ployed. A glance at the Table on p. 106 shows that this is 
especially the case with mares' and asses' milk. But so fiur we 
have too slight a practical experience to argue upon. 

3. To add to the other difficulties of artificial feeding there 
remains the necessity for sterilization. Milk is a most fertile 
nutrient medium for all kinds of microoiganisms, which m- 
crease in it at an incredible rate. Fresh milk^ which contained 
9000 bacteria in one c.cm. when first brought into the laborar 
tory^ showed an hour later 31,760 ; after nine hours^ 120^000 ; 
and aft»r twenty-four hours^ 6,600,000.* 

A short exposure to the boiling temperature does not suffice 
to destroy all bacteria. If still higher temperatures be em- 
ployed, the sugar is attacked and causes the milk to become 
brown. For the best method of approximately sterilizing milk 
without greatly impairing its nutritive value, the reader may be 
referred to the latest accounts in the works of P. Cazeneuve/ L. 
Furst,^ A. Baginsky,^ and a summary of the literature by 
Biedert, loc. cU. 

p. 131: 1891. Zdzislaw Szydlowaki, Frager med, Woehenachr.^ No. 32: 1892. 
Pftgdfli Camptes rendua, vol. cxviii. p. 1291 : 1894. B. Peten, " Das Lab a. die 
Labahnliohen Fermente.'* Gekronte Preiflschrift, Rostock, 1894. M. ArttiQS, 
Arch, de Phytiol,^ vol. xxvi. p. 257 : 1895. A. Edmonds, Jowm, of Phyaiol., 
Tol. ziz., Nos. 5 and 6 : 1896. F. S. Locke, The Joum, of Experimental Med,, 
vol. ii., No. 5 : 1897. 

^ F. Soxblet, ^* Die chem. Unterschiede zwischen Kuh a. Fraaenmilch a. die 
Mittel zu ihrer Aosgleichung.'' Vortrag gebalten am 11. Jan. 1893. Mwnek, 
med. Wochentchr,^ 1893. Compare O. Heubner, Berliner klin. Wbehentekr,, 
vol. xzzvii. pp. 841 and 870 : 1894. 

' Miquel, Joum, de Pharm. et de Chim,, vol. zzi. p. 565 : 1890. Oompue 
E. V. Freudenreich, Milchieitung, p. 33 : 1890. 

* P. Cazeneave, Bull, de la Soc. ehim. de Parity vol. xiii. p. 502 : 1885. 

* L. Furst, DetUeche Medicinalteitung, p. 1007 : 1895. 

* A. Baginsky, Berliner klin, Woehentehr,, No. 18 : 1895. 
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, Fioally with anything but the mother's milk there ia the 
constant danger of over-feeding the infant. When taking the 
breast, the fatigue consequent upon the effort of sucking ap- 
pears to prevent the infant taking more than the proper amount, 
vhereas from the feeding bottle, which can be drawn without 
effort, the infant takes more than it can digest, with consequent 
dyspepsia.' 

Prom these remarks it will readily be seen that artificial 
feeding is fraught with grave danger. 

If on the one band we observe bow carefully nature has 
adapted the composition of milk to the needs of every species 
of mammal, and if on the other we consider how ignorant we 
are oonoeming the nature of the food-stuffs, the digestive proc- 
esses in the infant and the disturbances which the.se are liable 
to from the myriad microorganisms in the intestines, it is not 
a matter for wonder that in spite of the greatest efforts the 
natural diet for infante has not so far been successfully replaced 
by any artificial food. In support of this contention we may 
quote the following statistics : — 

In 1890 49,362 children were bom alive in Berlin. Before 
the end of their first year 12,623 of these children had died. 
OftI 



The remaining infants had been brought up on milk and arti- 
ficial foods, or upon these latter alone. No deduction however 
can be drawn from the influence of the food on the mortality 
unless we know what proportion of the whole number of chil- 
dren bom were reared at the breast. The following figures 
enable us to form an approximate idea. The census taken De- 
cember 1, 1890, showed that there were then in Berlin 39,312 
children under the age of one year. Of these — 



Therefore of the breast-fed children one in thirteen died ; 
whereas of those brought up by hand the mortality rose to one 
out of every two infants. 

No doubt this excessively high rate of infant mortality Is 
due not only to the unnatural mode of diet, but partly to the 
n^lect which is doubtless in many cases associated therewith ; 
since a mother who nurses her child would also, as a general 
rule, instinctively lavish more care upon it. 
'E, Fe«r, loc. cil., p. 196. 
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The mortalily among children reared on artificial foods is 
much higher even than among those fed on coVs milk.^ 

Headien races have frequently sanctioned infanticide. Chris- 
tian races torture their children slowly to death. Artificial feed- 
ing was unknown to the ancients.' 

When children are breast-fed^ the condition of the mother's 
health acts both on the quantity and the quality of the milk 
secreted.^ But the quality of the milk seems to be but little 
dependent upon the nature of the diet. Occasionally an in- 
crease of fi^it is observed after very abundant feeding; but 
the amount of the other constituents in the milk is hardly 
altered. 

Taking milk as our starting point, let us now proceed to 
consider the diet normally required by the adult. In the case 
of the infant we are acquainted with the natural composition of 
the food ; we can also ascertain the exact quantity provided by 
nature by weiehine the infant before being placed at the breast 
and agJa af4 it^has instinctively satiiJ its hunger. The 
difference in weight gives the amount of milk taken, and the 
repetition of this process at each meal gives the total amount 
for the twenty-four hours. 

The most recent and exact estimates of this kind have been 
carried out by E. Feer.^ He determined the amount taken by 
a boy from birth until the 30th week, and found that in the 
last week he took 951 grms. of milk daily. At this time the 
child's weight was 8226 grms. From the average composition 
of human milk, viz, : — 

Proteid 1.6 per cent. 

Fat 3.4 " 

Sugar 6.1 " 

Ash 0.2 " 

we can compute the absolute amount of the nutriment daily 
taken in — 

Proteid 16.2 

Fat 32.3 

Sura- 68.0 



oagar 
Ash. 



1.9 



StcUittiiehea Jahrbueh der Stadl Berlin, Doppe^ahrgang xri., xrii. 
Statistik der Jahre 1889 and 1890, pp. 30 and 148: Berlin, 1893. 

* Biedert, loc, eit,, p. 165. 

* An accoimt of the very comprehensive literature on this subject is given hj 
Biedert, loc. ctY., chap. iii. 

* The latest exjieriments concerning the influence of the food on the oompo- 
sition of human milk are those of P. Baum (*'Die FrauenmUch," BammloBg 
klinischer Vortrage von Volkmann, No. 106, p. 202, et $eq., Leipzig, 1394). The 
earlier literature is here quoted. Experiments on animals have given essentially 
the same results. For the extensive literature on this subject the text-books oa 
agriculture should be consulted. 
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Aooording to the same proportions a man of 70 kilos, would 
take in — 

Proteid 129 

Fat 276 

Siunur 494 



sugar 
Aah . 



16 



These figores agree very well with the observations which have 
been made directly on the adult. I have already mentioned 
that a man in fuU work, who can procure sufficient food for 
himself, eats daily — 

Proteid 100-150 

Fat 50-200 

Garbohjdratefl 300-800 

It might be thought that the amount of proteid for the 
adult reckoned fix)m that required by the infant would be a 
maTJmnm value, since the young animal needs larger quantities 
of proteid for the growth of its tissues, whereas the man has 
only to maintain his existing store. But it must be remem- 
bered that the sexual functions of the adult are likewise a form 
of growth — ** growth beyond the boundaries of the individual.'' 
This growth of the tissues in man consists in the production of 
spermatozoa, in woman in the development of the embryo or 
the formation of menstrual fluid. The growth beyond the 
boundary of the individual appears in women during the child- 
bearing period to be only in abeyance during the time of 
lactation, when the milk with its rich complement of proteid 
is secreted. But the secretion of milk may be r^arded as a 
growth of tissue, since as a matter of fact the fat-laden epithelial 
cells of the mammary glands either partially or completely 
break up and are r^enerated.^ 

But the amount of fat (275 grms.) calculated for the adult 
from that required by the infant is certainly too high. The 
in&nt has relatively a much larger body-sur&ce and therefore 
gives off more heat ; it thus requires larger quantities of the food- 
stuff that produces the greatest heat in its combustion. 

The figure 494 for the carbohydrates agrees very well with 
the mean numbers obtained in direct experiments on adults. 
A young man eighteen years of age who took nothing but 

^ The latest reaearohee on the histological processes involved in the secretion 
of mUk are those of F. Nissen, Arch, /. mikr. AruU.^ vol. zzvi. p. 337 : 1886. 
E. Coen, Beitr, t, paihol. Anai, u, Phytiol. v. Ziegler n. Nauwerck, vol. ii. p. 
83 : 1887. P. R. Kadkin, Diss. Petersburg : 1890 (in Russian) . Frommel, Arch. 
/. OptiM., Tol. xl., Hft. ii.: 1891 ; and CerUralbl, /. OynakoL, p. 471 : 1891. J. 
Bleinhaiis, Du BM Artk.^ Physiol. Abth. Supplementband, p. 54 : 1892. 
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coVs milk (compare the conclusion of Lecture XXY.) drank 
three liters a dsj, containing — 

Proteid 105 

Fat Ill 

Sugar 147 

Aflh 21 

His state of nutrition was certainly bad and his powers of 
work poor. But it cannot be decided whether this should be 
referred to an insufficient income of some organic food-stuff or 
merely to the absence of iron. (See Lecture XXV.) 



LECTURE IX 

SUBSIDIABY ABTICIaES OF DIET 

Man^ together with all animals^ consumes certain articles 
which are neither sources of energy nor possessed of reparative 
power for the continual body waste. They are eaten on account 
of the agreeable influence which they exert on the nerves of 
taste or smell or on other parts of the nervous system. We call 
these substances condiments and stimulants. They are as nec- 
essary to us as the foodnstuffs themselves. 

It is a very noticeable fitot that our most important 
organic food-stu^ are absolutely without taste or odor. We 
can only smell volatile matter^ or taste such substances as are 
soluble in water. Our organic food-stufPs have neither of these 
properties. They are not in the least volatile^ and are almost 
all insoluble in water. Fats^ as we well know^ are not miscible 
with water, and proteids only swell without actually dissolving 
in it. Of the carbohydrates, the sugars alone are soluble, and 
they taste sweet. In the case, then, in which food is possessed 
of any taste at all, it is agreeable. Since the bulk of our food 
can produce no effect on our organs of sense, we find our organs 
of taste and smell so adapted that the volatile and soluble 
matters, which are constantly associated with aliments as they 
occur in nature, produce agreeable sensations when they act on 
these sense-organs. These sensations not only increase our 
desire for food ; they also help digestion. It is a matter of 
common experience, that even ihe imagination of fragrant and 
savory food may augment the secretion of saliva. The in- 
creased secretion of gastric juice produced by the same cause 
has been observed on dogs with a gastric fistula. To show 
them from a long distance a piece of meat is sufficient to 
excite the secretion of the gastric juice. Thus, if a gastric 
fistula be established in a dog, and at the same time the 
esophagus be divided, so that all food taken in by the mouth 
fidls out by the opening in the esophagus without reaching 
the stomach, it is observed that every act of taking food by 
the mouth causes a large secretion of gastric juice containing 
both hydrochloric acid and pepsin, although the food does 
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not reach the stcaadi. This reflex seeredon is abolished by 
diviskn of both vagL' It is hcDoe {nobable that the ao- 
tivity of all other ghnds asBociated whh digestion is reflexlj 
aroused br agreeable tastes and smellsy and that all processes 
and movents which are mroked m digestion and absorption 
are hereby assistaL Pleasant sensory impressions produce a 
dieerfbl frame of mind, and thus indirectly tend to act &yor- 
ably on all the fHooesses of the body. On the other hand it is 
a fimfiiliar hct that disagreeable snails and tastes cause a dis- 
turbance of digestion which may even induce vomiting. The 
neoesaty of these adjuncts to food is then bqrond doubt; 
every effort to ocMisnme tood which has neither taste nor smell 
would soon fsuL 

Whilst animals merely take such sapid substances as occur 
naturally mixed with the food th^ eat, man goes much further 
by artificially separating the subsidiary fiom the necessary 
aliments. He takes the fi>rmer by themselves, or with only a 
small proportion of the latter. Hence arises for man the 
danger of excess. The regulating mechanism, which in animals 
consists of the feeliug of satiety which sets in as soon as they 
have eaten enough, tends to be disturbed. So long as only the 
senses of taste and smdl are concerned, there is but little 
danger of excess. The more intense the stimulation of the 
organs of smell and taste, the more rapidly is the sensibility of 
our nerves blunted ; we get tired of the impressions made upon 
them. But besides those substances which act agreeably on 
our senses, man has learnt to isolate others which produce 
pleasurable sensations by their action on the functions of the 
brain ; these we term narcotics. He has discovered them even 
when they cannot be detected by smell or taste, and when they 
occur only in plants which have no nutritive value ; such are 
opium, tea, coffee, hashish, &c. Others, which nature does not 
produce, he has learnt to prepare artificially from innocuous 
substances, as for instance alcohol from sugar. Conscious 
volition disturbs the harmonious action of the unconscious in- 
stincts, and becomes the source of unlimited misery. 

So long as we are unacquainted with the chemical processes 
by which these subsidiary articles of diet act on the nervous 
system, their special consideration is a subject rather for toxi- 
cology and the physiology of the nervous system than for 
physiological chemistry. I shall therefore treat of only a few 
which are still oflen considered to be true aliments, llie most 
important of these are alcoholic drinks. 

^ J. P. Pawlow and E. O. Schamowa Simanowikivii^* I^ Bois' Arek,, p. 58, 
1895. 
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We know tbat alcohol is to a very great extent oxidized 
iD the body. Only a small part is excreted luichaDged by the 
kidneys and lungs.' Alcohol is therefore without doubt a 
source of enei^ when absorbed into the body. But it does 
not therefore follow that it is a food. To prove this it would 
be necessary to show tliat the energy liberated by the oxidation 
of alcohol is used lo aid the performance of a nonnal function. 
It is not enough that chemical potential energy is transformed 
into kinetic energy ; the transformation must occur at the 
right time, in the right place and in delinite parts of the 
tUsues. The tissues are not so constituted that they can be 
fed with uiy and every combustible material ; we do not know, 
for instance, whether alcohol can serve as a source of the 
enei^y by virtue of which the functions of muscle and nerve 
are performed (see Lecture XXIII.). 

It will be objected that the heat which is produced by the 
combustion of alcohol must in any case be useful to our 
ozganiam. Even if it does not directly subserve any definite 
fiiDction of a particular organ, tbe combustion of the alcohol 
must economize the consumption of other food-stuffs. But 
even this cannot be admitted. For whilst on the one hand 
Hie alcohol increases the production, on the other it increases 
the loss, of heat. Owing to the paralyzing action which it 
exerts on the vasomotor system, a dilatation of the vessels, 
ftnd especially of the cutaneous vessels, occurs, and consequently 
&ere is an increased loss of heat. The total result is a 
diminution of the temperature of the body, which has been 
actually proved to take place. 

Alcohol has invariably a paralyzing influence. All the re- 

tBults which, on superficial observation, appear to show that 
lloohol possesses stimulant properties, can be explained on the 
ground diat they are due to paralysL'^,' 

'Vict. Subbotin. ZeiUehr. f. Biotog., vol. xii. p. 361; 1871: Duprf, Proe. 
Sey. Soe.. to], zi. p. !S8; 1873; and The PmcliUonir, toI. ix. p. 2S: 1872; 
■(, Pratlitioner, vol.'xiii, p. 16; 1874; Aug. Sohiilidt, CaUralil. f. d.tned. 
luelt., Mo. 23, 1876; H. Henbocb, " Ueberdie AiLncheiduogdea Weiogeistei 
A den Hbjd Fieb«nida-," DiBwrt.: Bono, 1876; C.B'mt, Arch./, exper. Path. 
Aorm., ToL vi.: 1877; H. Heubocb, " QuHatitative B«tiaiiDUii[;de> Alkohols 
■ HiTD." Arch. /. exp. Path. n. Pharm., vol. viii. p. 446 : 1878 : G. Bodliuider, 
-'<t>a'sAn)h..vel.xxxii.p.3SS: 1883. 

■ Wilh regard to thia matter, we recoDimeiid the perusal of the short and 

d d«*Griptioa in 6chm iceberg's " Gnrndrisa der ArxneimitlelUhre," 2d 

.. pp. 25, Z7 : Lpiptift. Voget, 1B83. Compim] Zimmerberg, Disiert., Dorpat, 

Maki, Dinert., Stravburg, 1864. H. Dreaer, "Arch. {. exper. Path. n. 

in.,"iol. xivii. p. 87; 1890. P, v. d. Muhll and A. Jaquel, Corr«ponrf<7u- 

Wcci /. ichMiier ArrtU, Ho. 15. p, 457, IBSl, and E. Kr^pelin, " Ueb. d. 
BaeiafluBniDgeiafacher piychucher VorgaDge dur«b einlge Arziieimittel. Jena, 
IlKher, 1891 ; A. Smith, Berieht ub. d. V. intemaC. Oongra* <- Btkampfimg du 
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It u a ocMnmon idea that alcohol pioduoes a warming ef- 
tect in ooM weather. This feeling of wannth dq)end8y in the 
first place, on the fiM^t already noticed — that the paralysis of 
the oential nenrons system causes an increased blood-supply to 
the surfiice of the body ; and secondly, in aU probability, on the 
blunting of the senobility of the central oigans which are con- 
cerned in the sensation of cold. 

The stimulating action ^riiich alcohol i^pears to exert on the 
psychical functions is also only a paralytic action. The cere- 
bral functions ^riiich are first int^ered with are the powers of 
clear judgment and criticism. As a consequence, emotional 
life comes into firee play unhampered by the guiding'-strings 
of reason. The individual becomes coi^ding and conmiuni- 
cadve ; he fi^rgets his cares and becomes gay ; in fisict, he no 
longer clearly sees the dangers and difficulties of life. But the 
most pronounced paralyzing action of alcohol is seen in the 
way it allays all sorts of discomfi^rt and pain, and, above all, 
the worst sort of pain — mental suffering, anxiety, and trouble. 
Hence the light-heartedness which prevails at a carouse. It is 
a prejudice which depoids upon self-deception, to believe that 
a man ever becomes witty by aid of spirituous drinks. This 
error is simply one of the results of the paralytic influence 
mentioned above; as the power of criticising one's self 
diminishes, self-complacency increases. The lively gesticula- 
tions and useless exertions of intoxicated people are due to 
paralysis, the inhibitory influence, which prevents a sober man 
from uselessly expending his strength, being removed. Asso- 
ciated with this is the increased frequency of pulse, which is 
commonly cited as an instance of the stimulating power of 
alcohol ; it has nothing to do with the action of alcohol, but is 
caused by the surroundings among which the alcoholic drinks 
are generally taken. It is a consequence of the excited condi- 
tion, and, according to the experiments hitherto made, does not 
occur when the body remains quiet.^ 

A paralytic symptom, which is erroneously r^arded as one 
of stimulation, is also found in the deadening of the sense 
of &tigne. There is a strong belief that alcohol gives new 
strengtib and energy after &tigue has set in. The sensation of 

Missbrauches geUtiger Gelrdnke, Basel, p. 341 : 1896 ; C. Purer, ibid., p. 366 ; Q. 
ABchaffenbarg, " Psychologische Arbeiten v. £. Knepelin/' yoI. i. p. 60S: 1896. 
C. Binz (" Der Weingeist als Heilmittel/' Sonderabdruck aoa den Verkandiungeti 
de$ VII. Congresies /. innere Medicin tu WieBbaden, 1888 : Wiesbaden, Verlag 
▼on J. F. Bergmann, 1888) upholds the older yiew, aooording to which alcohol 
has a stimulating action when taken in small doses. 

^ Schmiedeberg, loc, cit,^ p. 26 ; Zimmerberg, " Unt. ub. den Rinflnss d« 
Alkohols auf die Thatigkeit des Herzens/' Dissert., Dorpat, 1869. P. ▼. d. 
Miihll and A. Jaquet, CorrespondemblaU f, $ehweiMer AenU, p. 467 : 1891. 
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fiitlgne IB one of tlie gafety-valves of our macbiDe. To stifle 
the feeling of fatigae ia order to be able to work on, is like 
forcibly closing tbe safety-valve so that the boiler may be over- 
Vheated. 

B That this prejudice conceroing the ' strengthening ' power of 
nlcobol maintains so firm a hold is to be explained by the ex- 
'periences of habitual drinkers. Any one who is in the regular 
habit of taking a coosiderable quantity of alcohol is better able 
to do his work while he coutiDues it than if he were suddenly 
to leave it off. We cannot at present explain this result, al- 
though it is quite analogous to the effect of other narcotics on 
persons who have been accustomed to their use. The opium- 
eater can neither work, nor eat, nor sleep, if his opium be de- 
nied him ; he is ' strengthened ' by the opium. But a man who 
ifl not accustomed to a narcotic is most certainly not rendered 
more 6t for work by taking it. 

The uselessDCfis, if not harmfuhiess, of even moderate doses 
of alcohol rests on better evidence than scientiiic deductions 
and experiments. In connection with the sanitation of armies, 
tfaoueonds of experiments upon large bodies of men have 
been made, and have led to the result that, in peace and war, 
in every climate, in heat, cold, and rain, soldiers are better able 
to endure the fatigues of the most exhausting marches when 
' tiiey are not allowed any alcohol at all.' A similar result is 
l-observed in the case of tbe navies, and on thousands of mer- 
I'Ahant vessels belonging to England and America, which put to 
a without a drop of alcohol. Most whalers are manned by 
total abstainers. 

That mental exertions of all kinds are better undergone 

without alcohol is generally admitted by most people who have 

ide the trial. Alcohol then makes no one stronger; it only 

»dens the feeling of fatigue. 

One of the disagreeable sensations which alcohol diminishes 

nfc that of boredom. This feeling is, however, like the sensation 

ftof fatigue, one of the arrangements for self-regulation which 

Ae organism possesses. Just as tbe feeling of fatigue makes 

■ the feeling of boredom encourages us to exertion, 

f without which ner\'e and muscle atrophy. It is interesting to 

' observe what curious means a lazy and empty-headed man 

idopta in order to be free from the demon of boredom wilJiuut 

making personal exertion. It drives him without rest from 

place to place, to this company and that, from one distraction 

to another. But all these attempts to escape from himself 

Iteferances 
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would be in vain, and the bulk of mankind would be driven to 
exercise their brain and muscles in some way or another, 
ux order to obtain the feeling of rest and satis&ction and to 
lose their sense of tedium, were it not for alcohol. Alcohol 
frees them easily and agreeably from this demon. A drinker 
is never conscious of his own emptiness. He wants no inter- 
ests and ideas ; he has the comfort and satis&ction of narcosis. 
There is nothing so dangerous to the development of a man, 
nothing which so undermines his character, nothing which so 
surely destroys the remaining energy he is capable of, as the 
continual deadening of the sense of tedium by means of 
alcohol. 

Another point which is adduced in &vor of alcoholic drinks 
is that they slow metabolic processes. It is true that a slight 
diminution in the excretion of nitrogen, and consequently of 
proteid decomposition, is observed after moderate doses of alco- 
hol.^ But it is difficult to understand why this should be made 
a reason for recommending alcoholic drinks. Why should we 
wish to diminish the metabolism of the body ? Is not meta- 
bolism, or the breaking down of the tissues, the source of all our 
energy ? The intensity of this metabolism, this conversion of 
potential into kinetic energy, is constantly regulated by a com- 
plicated nervous mechanism, which now acts in an inhibitory, 
now in an accelerating direction, according to the requirements 
of the various organs. To interfere with this self-controlling 
mechanism by the action of poisonous substances can hardly be 
wise, since we are almost entirely in ignorance concerning its 
intimate character. What means have we of judging whether 
the metabolism is too quick or too slow ? 

Moreover the latest and most accurate researches on man 
have &iled to show any economy of proteid as the result of the 
injection of alcohol.^ Among these investigations the minutely 
accurate experiments of Miura upon himself are especially 
worthy of mention. This observer, after bringing himself into 
a condition of nitrogenous equilibrium on a diet of &t and 
carbohydrate, replaced for a few days a portion of the carbo- 
hydrate by an equivalent quantity of alcohol. He found that, 
on these days, there was a rise in the excretion of nitrogen, 
which was as great as on other days when a portion of the 

' A. P. Fokker, ** Nederlandsch Tijdschrift voor Geneeskunde/' p. 126 : 1871 ; 
Imm. Munk, Verh. der Phytiol. Ges. zu Berlin: Jan. 3, 1879; L. Beias, Zeiitckr. 
/. klin. Med., vol. ii. p. 1 : 1880. 

» Parkea, Proc. Roy. Soc., vol. xx. p. 402 : 1872. H. Keller (Bunge'a labora- 
tory), Zeitaehr.f. physiol. Chem., vol. xiii. p. 128: 1888. Stammreich, "Ueb.d. 
Einfluss d. Alkohols auf d. Stoffwechsel d. Menschen/' Dissert.: Berlin, 1891. 
K. Miura, ZeiUchr. f. klin. Med., vol. xx. p. 137 : 1892. 
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carbohydrate was omitted without any corresponding food to 
take its phice. He eauie to the conclumon therefore that alco- 
hol had Qo infiuence oa proteid disintegration, and that it could 
not replace carbohydrate as a sparer of i>roteid. 

In large doses alcohol iucreases instead of diminishing the 
excretioD of nitrogen.' In this respect it resembles certain 
powerful poisons, especially phosphorus and arsenic, which 
cause increase in the excretion of nitrogen, but at the same 
time diminish the amount of oxygeu taken up and carbonic 
acid excreted, and consequently produce fatty di^eneration of 
various organs. It appears tliat these poisons give rise to the 
production of fat from proteid ; the nitrogen, with a small 
quantity of the carbon, is separated from the pn»teid molecule, 
and the residue, free from nitrogen, is stored up in the tissues 
IS fat. We shall have to consider this process in greater de- 
tail in a later section (Lecture XIV.}. Possibly the fatty de- 
generation of the organs sometimes observed iu drunkards is 
to be referred to a similar action. But unfoiluuatcly the ex- 
periments hitherto made have not decided whether the con- 
sumption of alcohol has any influence on the elimination of 
carbonic acid.' 

It is commonly thought that alcoholic drinks act as aids to 
digestion. In reality it would appear tliat the contrary is the 
case. Any one may make the observation on himself, that a 
meal without alcohol is more quickly followed by hunger than 
when alcohol is taken. The inhibitory influence of alcohol on 
digestion has been observed on a patient with a gastric fistula,' 
on several other persons by the aid of the stomach-pump,* and 
by means of numerous other experiments." 

Up to this point I have chiefly considered the action of 
alcohol on persons who are usually called moderate drinkers. 
To describe the ultimate consequences of excessive drinking 
can hardly come within the scope of these lectures. It may be 
BKUtioned, however, that the misuse of alcoholic drinks causes 



' Imm. Muuk, loe, dt. 

* Tlie «n-qaotud experiments of Boeck luid Baner allow of no definite ooD- 
(torion, w Uie dnniUan of the experiments «bs loo short {ZtittcAr, /. Biolog., 
TOl. X. p. set t 1871). The same is still more applicable to (he eiperimeats of 
Wolfcn {Anh. f. d. fenm. P/iytiol., vol. iixii. p, 222: 1883). Zuntz and 
Befdc*. Du Boil' Arek., p. 178: 1887. J. G«ppert. Areh. f. rxptr. Path. u. 
norm., yo\. uii. p. 367 : 1887. N. Simanmrsbi aud C. Schoumoff have showD 
fhat Bbsorption of aleohol dimioislleii the oiidution of benr.ol into phenol 
(Moger's AreK.. io\. xxiiii. p. 2ai : 1884). 

• F, Kn!t«shy, DaUtch. ATe\. f. klin. Med., vol. iviii. p. 537 : 1876. 

t*W. Bachner, ifruj.. vol.xzix.p.537: 1881. 
•Emil Scbutz. Pragar med. ITocAmieAr., No, 20: 1885; Bikfalvi. Mai;'* 
Mintitr. f. TAier ChanU, p. S73: 1885; llauanori Ognta, Arch. f. Hygient, 
tol. UL p. 304 : 1885 ; Klikowicz, Virchow's Arcli.. vol. cii. p. 3110 : IS85. 
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a whole host of diseases ; that do organ of our body r 
free from its injurious action.' It is also apparently certain 
that from 70 to 80 per cent, of crime, and from 10 to 40 per 
cent, of the suicides in most civilized countries, are to be as- 
cribed to alcohol. 

We must however strictly discriminate between the use of 
alcohol as a luxury and an article of diet, and its use as a 
medicine. In the opinion of many practitioners, it is indiit- 
pensable as a medicine. It is precisely its paralyzing prop- 
erties which render it valuable in this case. It is a mild 
anesthetic, and actt^ as a sedative by diminishing abnormally 
increased reflex irritability. Alcohol is further used as an 
antipyretic ; but proof of its value in this capacity is still 
lacking. 

It is evident to every reasonable being that alcoholic drinks 
can only be prescribed for acute diseases, and should never be 
allowed in chronic disorders for the same reason that chloral 
and morphia are not given in such cases, unless indeed to com- 
pass euthanasia. There can be no doubt that many medical 
men are guilty of much harm in recommending the use of 
alcohol, and there is hardly a single drunkard who does not 
adduce the authority of some medical man or other in support 
of his failing. It is in the highest degree desirable that 
alcohol should be replaced by some other drug even in those 
cases where its use seems to be indicated, since it is hardly 
possible to get rid of the deeply rooted superstition as to the 
strengthening and stimulating effect of alcohol, so long aa it 
continues to be constantly employed as a therapeutic agent. 
We may hope that the temperance hospitals which have been 
founded in England and America, and where absolutely no 
alcohol is given, may soon irimish sufficient statistics to prove 
once and for all that alcohol is not indispensable in medical 
practice. 

Tea and coffee are much less likely to cause ill effects 
than alcoholic liquors. Thev exert no paralytic influence ; on 
the contrary, they are helpfid in both mental and physical 
exertions. In their use there is but little danger of excess. 
It is true that they occasionally disagree with certain people, 

'On this point see Legrain, " H$r«diM et AlcoholinDC," Paris, 1891; 
laurent, " Let h»bilii*» de* PriHmi ile Paris," Paris, 1890 ; P. Gamier. ■' La Folic 
i Pari*." Paris, 1390: Bouroeville, " Pn>gr»a mMical," p. 21 : 1897. J. Sendt- 
D«r. "TTcb. l«b«iiidaucr u. Tod«sursache b. d. Biergerwerb«a. Ein Beilrag i. 
.£tialflgie d. Her«erkraDkuDg«a," Munchen, 18S1 ; Demme. " U«b. d. ElaQiut 
d, AlkDhoU aor. d. Organismns d. Kindea." Stuttgart, 18S1 ; A. Striiinpell, " Ueb. 
d. AlkohoUyage V. lenttichea Standpuokte aus.," Berl. llin. Woeh,, p. 933: 
ISM. 
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especially if taken in too large quantities ; and their long-con- 
tinued misuse may cause illness. But in these cases there is 
but little difficulty in inducing the people so afiPected to abstain. 
A patient who is recommended seriously to refrain from taking 
too much tea generally does so ; a patient who takes too much 
alcohol does not easily give it up. A man rarely becomes the 
stave of coffee or tea, and excessive drinking of tea and coffee 
never produces a state of moral irresponsibility, nor leads to the 
commission of crime. 

Tea and coffee contain, as is well known, an active principle 
oonmion to both, caffein or thein, which is closely related to 
xantfain, a crystalline substance rich in nitrogen, which enters 
in small quantity into all our tissues. We shall study xanthin 
in connection with the chemistry of the urine (Lecture XX.). 
Caffein is xanthin with three methyl groups introduced into its 
molecule, and it can be artificially prepared from these constit- 
uents.^ 

It is a very remarkable and surprising &ct that people of 
the most different races, in all parts of the world, have 
succeeded in discovering caffein in the most varied plants. 
The Arabs found it in the coffee bean ; the Chinese in tea ; 
the natives of Central Africa in the cola nut (Cola acuminata) ; 
those of South Africa in bush tea, the leaves of a variety of 
Cyclopia ; the natives of South America in Paraguay tea (Ilex 
paraguayensia), and in the seeds of Paulinia sorbUis, a Brazilian 
creeper ; the Indians of North America in Apalache tea, the 
leaves of several varieties of ilex. This fact is the more 
remarkable as caffein can be detected neither by its taste nor 
smell. Also interesting is the close relation of this universally 
prized luxury to one of the constituents of our tissues. It is 
possible that the caffein molecule, in consequence of its similar 
constitution, has an affinity for the same tissue-elements in 
which xanthin is found, and that it plays an analogous though, 
in consequence of its more complex constitution, a modified 
part This may explain the stimulating action which it pos- 



Caffein is mostly destroyed in the tissues of our body. 
Experiments' conducted in Dragendorft^s laboratory in Dorpat 

^ EmU Fiflcher, Liebif^'s AnnaLf vol. cczv. p. 253 : 1882. 

* Rich. Schneider, " Ueber das Schicksal des Caffeins und Theobromins im 
Tbierkorper, nebst Untenuchungen uberden Nachweisdes Morphias im Ham/' 
IXwert.: Dorpat, 1884. Schatzkwer (" Das Caffein u. sein Verhalten im Thier- 
korper/' Disaert.: Konigsberg, 1883) found that, of 0.2 grm. of caffein sub- 
eotaneoualy ii^ected into a dog, only 0.012 reappeared in the urine. Maly and 
Andreaaeh ("Stndlen uber Caffein und Theobromine' MonaUhefte dtr Chem., 
May: 1883) found that, of 0.1 grm. administered internally to a small dog, 
0.006 reappeared in the urine. 
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have shown that of the amount of caSein which is absorbed as 
the result of ordinary t«a and coffee drinking — a cup of coffee 
contains about 0.1 grm. caffein, and the same amount is con- 
tained in from 2 to 10 grms. dry tea leaves — none passes into 
the urine. Caffein can be detected in the urine when 0.5 grm. 
caffein has been taken. Caffein has no influence on the proteid 
metabolism of the organism. Voit ' has shown by careful ob- 
servation that the amount of nitrogen excreted is neither in- 
creased or diminished by the use of caffein. 

This is not the platie to give a detailed account of the various 
modes of action of caffein ; I must refer you to works on pbar> 
macology. In addition to this common constituent, tea contains 
ethereal oils,' and in coffee certain aromatic substances are 
formed as the result of roasting ; hence the difference of tast« 
and action of these substances. I 

A substance chemically closely alUed and of similar actdon I 
to caffein is found in the cocoa bean. This is theobromin, a 
dimethyl -xanthin. In the seeds of Paulinia sorbilii, from 
which guaraua paste, much liked in South America, is pre- 
pared, both these substances are united. Filehne ' has recently 
studied the action of theobromin on muscle and on the central 
ner\'Qus system, and compared it with the action of xanthin and 
of caffein. He ha^ arrived at the interesting result that the 
chemical series, caffein (trimethyl-xantbin), theobromin (di- 
methyl-xanthin), and xanthin present a corresponding series 
in their pharmacological action. A monoraethyl-xanthin is at 
present unkuown. The cocoa bean is not only a luxury, but 
also very valuable as nutriment ; it contains half its weight of 
fat, and in addition about 12 per cent, of proteid. Chocolate 
might be very serviceable for military purposes. It is hardly 
possibly to carry food in a more concentrated form than 
chocolat*. 

Bouillon and exthactt of meat, which is bouillon evaj 
rated to a semi-solid consistence, afford the most harmless sal 
sidiary aliments. The extractives of meat do not, so far 
is known, exert the slightest narcotic in6uence. They 
entirely on taste and smell. This agreeable effect can hardly 
be overestimated, but we must guard against supposing that 

1 C. Voil, " Unt. lib. d. Kind, dea Kochaalwa, des KafTpea und der Ml 
bewegungeD auf den StofTirechsel," pp. 67-147 : Muncben, ISSO. 

•A. Koch and E. Knepelin (" Psycholofi. Arb.." vol. i. p. 373; 1895) 
inreUigsted I h i? effecia of tbew ethereal oiU Kod of the thein Bepnrstel;, and 
found tb»t the pleasant reaulta of tea drinking mnst be referred " ' "' 

' Wiihelm Filehne. Du Boia' Arch., p. 72 : 1886. A nimmirr of the hu-UV' I 
literature will alao be found here. Comp. b1m> Eobett, Areli. f. fxpsr. Pvh. «.-! 

Pharm., vol. xv, p. 22 : 1882. 
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meat Ixmillon possesses strengthening and nourishing properties. 
In regard to this, the raost delusive notions are entertained, not 
only by the geneml public, but also by medical men. 

Until quite recently, the opinion was held that bouillon con- 
tAJned the most nutritive part of meat. There was a confused 
idea that a minute quantity of material — a plateful of bouillon 
can be made from a teasponnfiil of meat-extract — could yield 
an effectual source of nourishment, that the extractiveB of meat 
were synonymous with concentrated food. 

Let us inquire what substances could render bouillon nu- 
tritious. The only article of food which meat yields to boiling 
water is gelatin. It is well known that proteid is coagulated, 
<ffl boiling, the glycogen of meat is rapidly converted into 
Bogar, and this again into lactic acid. The quantity of gelatin 
te moreover very small ; for a watery solution which contains 
only 1 per cent, of gelatin forms a jelly on coolmg. Thb 
cert^nly occurs in very strong soups and gravies, but never 
in bouillon. Bouillon therefore contains much Ictia than 1 per 
cent, of gelatin. In preparing extract of meat, the quantity 
of gelatin is reduced as much as possible, because it is in a 
high degree liable to putrefactive changes, and therefore likely 
to interfere with the preservation of the preparation. The 
other constituents of bouillon are decomposition products of 
food-stuffs — products of the oxidations and decompositions which 
take place in the animal organism. They cannot be r^;arded 
as nutritious, because they are no longer capable of yielding 
any kinetic enei^, or at most such a small amount that it is of 
DO importance whatever. 

Nevertheless, until the most recent times, creatin and 
creatinin,' which are among the chief constituents of meat- 
extrscl, were regarded as the source of energy in muscle. 
This assertion was shown to be untrue by the researches of 
Meissner' and of Voit,* who proved conclusively that the 
whole of the creatin and creatinin taken into the body is ex- 
creted unchanged in the urine twenty-four hours after its al)- 
eorpliim. A material which is neither oxidized nor decomposed 
cannot form a source of enei^', apart from the fact that the 
qnantity of creatin and creatiuin in bouillon is so small that 
it could not possibly he re^rded as the source of muscular 
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1866 : and vol. uii. p. 283 : 1868, 
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It has further been asserted that the addition of eirtnot 
of meat increases the nutritive value of vegetable food, and 
gives the latter the same value as fresh meat This assertion 
has also been refuted by Voit and his pupils/ who have shown 
by experiments made on man and on animals, that the un^ 
fistvorable conditions of assimilation which characterize veg<&- 
table food are not improved by the addition of extract of 
meat. 

Finally, the attempt has been made to attach a value as a 
food to extract of meat, in consequence of the considerable 
quantity of salts, '^ nutritive salts,'' which it contains. But^ 
as I have already explained, there is no lack of salts in our 
food, but always an excess. Even for the growing organism 
there is only one inorganic constituent which could be deficient^ 
f. 6., lime. But there is very little lime in meat-extract; the 
ash contains only 0.23 per cent. CaO.' No one would be 
likely to eat more than 30 grms. of meat-extract, which repre- 
sents the amount obtained from 1 kgrm. of meat, and contains 
only 0.016 grm. of lime — ^that is, the same quantity as is con- 
tained in 10 c.cms. of cow's milk. 

We must therefore conclude that meat-extract can only be 
looked upon as a pleasant adjunct to food. It is asserted even 
at the present time that extract of meat acts in the same stimu- 
lating and refreshing manner as tea and coffee undoubtedly do ; 
but up to this date no direct action of extract of meat on muscles 
or nerves has been proved. The only investigation in this 
direction is due to Kemmerich,' who lays stress on the laige 
amount of potassium salts contained in extract of meat^ md 
asserts, as the result of his experiments, that they exert, in 
small doses a stimulating, in large doses a depressing, effect on 
the action of the heart. He therefore warns against immoderate 
use of the extract of meat. 

So &r as the potassium salts are concerned, the following is 
really the case.^ The stimulating action on the heart which 
Kemmerich observed was in no way due to the potassium salts, 
but simply to the fisust that he used rabbits for his experiments. 
Being very timid animals, the injection of almost any in- 
different substance, such as a solution of sugar or of common 
salt, may easily produce a decided increase in the rate of the 



1 Ernst Bischoff; Zeitichr. f, Biolog,, Yol. ▼. p. 454 : 1869 ; and C. Voii, 
9chr, /. Biolog., vol. iv. pp. 359, 360 : 1870. 

* G. Bunge, Pfluger*s Arch., vol. iv. p. 238 : 1871. 

* Kemmerich, Pfluger's Arch.^ vol. iL p. 49 : 1869. 

* G. Bange, Pfluger's Arch., vol. iv. p. 235 : 1871 : and ZeiUehr. /. Bioiog., 
vol. ix. p. 130 : 1873. Lehmann has recently confirmed my results (see Areh, /. 
Hygiene, vol. iii. p. 249 : 1885). 
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pnlae. The mere passag;e of the stomach sound is sufficient to 
have this effect. By large numbers of experiments both on dogs 
and on the human subject, I have convinced myself that the in- 
troduction of potassium salts into the ntonmch is never followed 
by the slightest acceleration of the pulse. 

The paralyzing influence on the heart, observed by Kem> 
merich, is due to his having used an amount of potash salts 
qaite out of proportion to the weight of the rabbit. To give a 
rabbit of 1000 gnus, body weight, 5 grma, of jKttash salts is 
tbe same as giving a man .300 grms. An additional factor in 
tike case of a rabbit is that it is unable to vomit. It is im- 
possible to produce any influence on the heart of the dog, 
since an excessive dose of potassium salta is promptly followed 
by vomiting, I have found by numerous experiments that the 
maximum dose (about 12 grms,), which can be taken without 
causing vomiting, is quite without influence on the action of 
tbe heart. In cases where poisoning bos actually ensued aa the 
result of overdoses of potassium salts, death has been due to a 
gastro-enteritis, and not to any effect upon the heart. Potas- 
sium salts have a local corrosive effect. The gastric mucous 
membrane of animals into whom salts of potassium have been 
injected, is always hyperemic, and sometimes covered with cc- 
chymoses. If the jiotassium salts are given in a very concen- 
trated form, especially in powder, gastritis, with a fatol result, 
may be produced. 

In all animals paralysis of the heart follows rapidly, if the 
solution of potassium salts be injected directly into the blood. 
As the result of my own experience, I have convinced myself 
that when 0.1 grm. KCl is injected into a medium-sized dog, 
an almost immediate arrest of the heart follows. Subcutaneous 
injection of potassium salts also causes cessation of the cardiac 
beat. But paralysis of the heart is never preceded by accelera- 
tion, but always by a slowing of the pulse. 

It is hardly necessary to recur to experiment in order to 
show how entirely innocuous salts of potassium are when 
taken by the mouth ; it has only to be borne in mind bow 
lai^ a quantity is constantly consumed with v^etable food, 
I have already noticed the fact that a man who lives chiefly on 
potatoes absorbs over 50 grms, of potash salts in tlie course of 
a day. 

The potash salts, therefore, which occur in bouillon, cannot 
produce any effect on the heart, neither small doses stimulating 
it, nor lai^ ones paralyzing it. But even if we could admit 
the exciting action of potassium salts, it would be difficult to 
see why we should take bouillon on account of the potash it 
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contains^ since we could get much more with ahnost any other 
form of food. Five grammes of extract of meat will make a 
plateful of bouillon^ and they only contain 0.6 grm. potassium, 
the same quantity, as in a small potato. 

We see then that the only experiment which has been 
hitherto attempted to demonstrate the stimulating influence of 
extract of meat has not been successful. 

It has frequently been asserted that the organic constituents 
of meat-extract exert an influence on the muscular nervous 
system, but never on sufficient ground. As r^ards creatin 
and creatinin in particular, Voit ^ has given details ; he found 
that 6.3 grms. creatin and 8.6 grms. creatinin given to a dog 
produced no symptoms whatever. More recently Robert * has 
endeavored to demonstrate an action of creatm on muscle. 
The experiments were conducted on frogs, and excessive doses 
of creatin used ; but the result was ambiguous. Human 
muscle could hardly be influenced by the minute quantity 
(about 0.2 grm.) of creatin contained in an ordinary plateful of 
soup. This can be deduced d priori, quite apflj*t from the 
observations of Voit. Our muscles contain about 3 per 1000 
creatin.' The whole muscular system of an adult man, which 
amounts to about 30 kgrms., contains consequently about 90 grms. 
It is also found in the nervous system and in the blood. Witli 
r^ard to the small quantity of creatin which is taken in 
bouillon, absorbed, and at the same time rapidly excreted by 
the kidneys, we are uncertain whether it ever reaches the 
muscles at all. And even if a small quantity should do so, it 
can hardly be of any importance, when we know that the 
muscles already contain 90 grms. of creatin. 

That some other organic constituent of meat-extract may 
produce an efiect on the muscular or nervous system, must be 
admitted to be remotely possible ; at present it is in no way 
proved. We know, with r^ard to bouillon, absolutely no mote 
than that it tastes and smells agreeably. This &ct, however, 
suffices to explain all the 'enlivening' and 'strengthening' 
virtues which conmion experience attributes to extract of meat 
and bouillon, and to recommend them as valuable and pleasant 
accessories of our food. 

^C. Voit, *'Ueberdie Entwicklung der LehreYon der QaeUe der Mmkel- 
kraft," p. 39 : 1870 ; or ZeiUehr.f, Biolog,, vol. vi. p. 343 : 1870. 

* Arch, /. ftrper. Path, u. Pharm,, vol. xv. p. 66 : 1882. 

s Fr. Hofmann, ZeiUchr, /. Biolog,, vol. iv. p. 82 : 1868 ; M. Peril, DeuUch. 
Arch.f, klin, Med,, vol. vi. p. 243 : 1869. 
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SALn-A AND QAfiTRIC JUICE 



We have in previous chapters become acquainted with the 
various food-stuffs, and we must now trace their course through 
our bodies, and the gradual changes which they undergo. 

The first fluid with which the food comes in contact on 
being introduced into the alimentary canal, is the saliva,' 
which is we]] known to be the secretion of three larger pairs 
oC glands, and of the small glands in the mucous mcmbraue of 
the mouth. The amount of saliva formed in the course of 
iwentj'-four hours is vePi' considerable, and according to an 
approximate estimate of Bidder and Schmidt,' is about 1 500 
c.cms. This secretion might therefore be expected to play an 
important part in the processes of digestion, but it has not yet 
been found that it does so. The saliva has no eflect on most 
articles of diet ; etarch alone is converted by tts means into 
dextrin and sugar. But even this action is very inconsider- 
able ; it is nothing compared with the powerful action of the 
paocreatic juice in breaking up etarch. The period during 
which the saliva acts is of ver}' short duration. The salivary 
ferment can only operate fully on starch under the faintly 
alkaline reaction which belongs to normal saliva. This action 
IS immediately enfeebled or entirely neutralized by the acid 
gastric juice,' Thus only a verj- small portion of the starch 
ooDsumed is split up by the salivary ferment. But the saliva 

'The procoaei of eecretioo iu the wiKTsry glaniia have been more cloKly 
i«T<«ti(ated bj Bernard. Ludwig, and Heidenhun than thoiie in an; other 
^and*. u>d the naulta of thene iDFestiitstionR are among the most important 
■chieTcoieiit* of modem pbjBiolog;. But thew vorks have thrown no light 
upon the chemical processes in glandulur activit;. I therefore think it belter to 
p«ai (hem oyer, especially ta thej are sdeqaately deKribed in all (eit-books of 
plijnoloRr- 

> Bidder and Schmidt. " Die Verdiaungssdfte and der StoffwechBel," p. 14 : 
Hiua and Leipzig, 1B93. 

' O. Hammanteii, Psnom's Report in the JaJtraberiekl iiber die Leitfiingen 
der get Utdicin.. Jahrg. vi. toI. i.: 1871. [Cannon has shown however that at 
lout half an hoar may elapse before the food taken in with the meal is ihor- 
oaghl; miied with the gastric juice. Dnriag this time the food remains in the 
fniidnB of the MoiiiBch, and in its inner portions sallTary diBestion can go on un- 
checked. (Avuir. Jmm. oj Phyiiot,, vol. i. p. 369: IB98.)] 
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of some mammals has not even this slight action, as in the case 
of the camivora, where for teleological reasons it might be ex- 
pected to be absent. 

As saliva is very abundantly secreted by camivora, it is 
apparent that the decomposition of starch is not its main func- 
tion. 

It was hoped that by extirpating the salivary glands of 
dogs/ and then observing what disturbances took place in con- 
sequence, a conclusion might be arrived at as to the significance 
of saliva. No prejudicial effects were detected, although it was 
remarked that the dogs drank more water than usual with their 
accustomed and carefully r^ulated diet. 

It appears that the saliva is chiefly of importance from a 
mechanical point of view. It moistens the food in the mouth 
and prepares it for the act of swallowing. At the same time 
the mouth is kept clean by the constant secretion. If particles 
of food were allowed to remain in the mouth, the acids which 
would be formed as the result of their decomposition, would 
injure the teeth ; this is prevented by the mouth being continu- 
ally kept moist with the alkaline saliva. If this view of the 
use of saliva is correct, we should expect the salivary glands of 
mammals living in water to be absent, since the food ^ey take 
is always sufficiently moist, and the cavity of the mouth is con- 
stantly being washed out by water. This is in fact the case. 
The Cetacea lack salivary gkinds entirely, and in the Pinnipedia 
they are only rudimentary. 

In the stomach the food meets with a second secretion, the 
GASTRIC JUICE, distinguished from all the other digestive fluids 
by its acid reaction. This acid reaction is due to the free hy- 
drochloric acid. The proof of this was furnished by OmI 
Schmidt.* He determined the exact quantity of the chlorin 
and of all the bases, potash, soda, lime, magnesia, oxid of iron, 
and ammonia. The result was that, after allowing enough hy- 
drochloric acid to saturate all the bases, a quantity remained 
over which amounted to about 2.5 to 4 grms. in 1 liter. Oarl 
Schmidt determined, in addition, the amount of free acid by 
means of titration, and obtained almost exactly the same num- 
bers as in the case of the determination by weight. 

If we now inquire into the significance of this free acid, we 
find that most writers regard it as subserving the digestion of 
proteids. Proteids, ^nd gelatins, which are closely allied to 

> C. Fehr, " Ueber die Ezstirpation sammtlicher Speioheldrusen beim 
Hunde," Dissert.: Giessen, 1862. 

* Bidder and Schmidt, " Die Verdauungssafte and der Stoffwechael," pp. 44, 
45 : Mitaa and Leipzig, 1852. 
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, fact the only ftwid-stuffs which are altered by the 
gastric juice. They are changed into peptones,' whioh are dis- 
tinguished from pmteida and gelatins by the fact that they no 
longer retain their colloid properties, are no longer coagulable, 
are more readily diffusible through animal membranes, and con- 
sequently appi:ar particularly suited for absorption into the 
blood. This peptonizing action is attributed to a ferment called 
pepsin.' Pepsin is however only effectual io tlie presence of a 
free acid. Hence up to the present time it has been the custom 
to regard free acid as being only of use in rendering the action 
of pepsin possible. 

But we cannot be content with this explanation ; we know 
that the pancreatic ferment acts even more energetically than 
the gastric juice, and that it is most efficacious when the reac- 
tion is &intly alkaline. W^y should the gastric glands have 
the severe labor of separating free hydrochloric acid from the 
alkaline blood, if the oi^nism can effect its purpose by much 
simpler means — by the secretion of an alkaline fluid ? The 
free acid must have some other signiticance. At the present 
day, when our knowledge of putrid fermentation and the means 
of combating it has so much increased, and when we have found 
that free mineral acids are to be counted among the most effec- 
tual antiseptics, it is not unreasonable to attribute this function 
to the free hydrochloric acid of the gastric juice. It has the 
duty of killing the microorganisms which reach the stomach 
with the food. These would otherwise set up processes of de- 
composition in the alimentary canal, and thus destroy a part of 
the food before its absorption, whilst the products of decomposi- 
tion would produce disagreeable symptoms, or even, as a cause 
of disease, endanger life. 

N. Sieber,' in Nencki's laboratorj' in Berne, determined the 
atrengtb of the hydrochloric acid which suffices to prevent the 
development of putrefactive organisms in substances capable of 
putre&ction, and arrived at the following results. 

If -50 grms. finely chopped meat were put into an open flask 
vrith 300 c.cms. of a 0.1 per cent, solution of hydrochloric acid, 
only a scanty development of micrococci and bacilli took place 
in twenty-four hours. After forty-eight hours they had some- 

' Tht DBlnre and gignificsnce of peptoaea will lie diacdas«d later on (aee Lee- 
lur«XI. .n-iXIII.). 

'See liGi^ture X. for (he eKperimenU on the isolation of pepsin. Beside* 
|Kp«iii. aonther ferment, the ' rennet (ermeal,,' is includ<Ml in the gtutric juioe. 
lis cBDiwa the coagulation of milk in the stomach. Nothing is knaim god- 
\g the physiological import of this cougulatioD. I therefore omit all accoiiiil 




S. Sieber, Jtmm. f. praJU. Chen., vol. i 



:. p. <S3:187B. 
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what increased, and on the third day the fluid presented a dis- 
tinctly potrefiau^tive odor, and a weakly acid reaction. 

When the experiment was made, ceteris paribus, widi 0.26 
per cent, hydrochloric acid, isolated non-motile organisms were 
not foond till the seventh day, and pronomiced formation of 
mould not until the ninth day. 

In a third experiment carried out, ceteris paribus, with 0.5 
per cent. HCl, ^^ no trace of putrefieu^tion " appeared until tiie 
seventh day. 

Miquel ^ attained the same result, finding that from 0.2 to 
0.3 grm. mineral acid was sufficient to render 100 ccms. of 
bouillon incapable of undergoing putre&ction. 

In the gastric juice of a dog— obtained from a gastric fistula, 
and from which all admixture with saliva had been prevented 
by previous ligature of all the salivary ducts — C. Schmidt' 
found in eight analyses, frt)m 0.26 to 0.42 per cent. HCl, the 
mean of the eight analyses being 0.33 per cent. Heidenhain ' 
found in the secretion of the glands of the cardiac end of the 
stomach,^ by means of titration in thirty-six cases, frt)m 0.46 to 
0.68, as a mean 0.62 HCl per cent. 

In Hoppe-Seyler's laboratory,^ the fr^e acid contained in the 
undiluted gastric juice, obtained from a man by the aid of tlie 
stomach-pump, was determined ; 0.3 per cent. HCl was found. 

We tiius arrive at the striking result that the quantity of 
free hydrochloric acid in the gastric juice exactiy corresponds 
to the quantity which is necessary to prevent the development 
of putrefactive organisms. This coincidence cannot be acci- 
dental. 

It might be objected to this that the gastric juice is diluted 
by the saliva and the food. On the other hand it must be re- 
membered that, owing to the constant peristaltic action of the 
stomach, difiPerent portions of its contents are constantly being 
brought into contact with the secreting wall, and consequentiy 
into contact with hydrochloric acid of the strength requisite to 
kill bacilli. In fitct, under normal conditions, pronounced 
putrefisustive decomposition never occurs in the stomach. But 
if, under pathological conditions, the secretion should be inter- 
fered with, the processes of fermentation and decomposition may 
reach a very high degree. 

The antiseptic action of the gastric juice was noticed more 

^ Miqud, Oentralbl, /. allgem, GuundheiUpflege, yoI. ii. p. 40S : 1884. 
* Bidder and Schmidt, loe, eii,^ p. 61. 
> Heidenhain, Pfluger's Arch., vol. xix. p. 153 : 1879. 

^ The method of obtaining the secretion from these glands will be diaopsaed 
later on. 

■ Dionyi 8sab6, ZeiUchr.f. phytiol, Chem., rol. i. p. 165: 1877. 
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than a hundred years ago by Spallaneani.* He found that by 
moisteniDg meat with gastric Juice he could prevent decomposi- 
tion for many days. But when, ceteris parilmx, water was used 
instead of gastric juice, an unbearable putrid odor was speedily 
developed. A snake had swallowed a lizard. After sixteen 
days 8pal1anzani opened the stomach ; the lizard was half di- 
gested, but gave no odor of deoompoaition. 8pallanzani even 
obser%'ed that the gastric juice not only prevented decomposi- 
tion, but stopped putrefaction which had already b^un. He 
found that when decomposing meat was introduced into the 
stomachs of various animals, it lost its putrefactive character 
after a time, and particularly its putrid odor. 

A strong point in favor of the view that the antiseptic ac- 
tion of the gastric juice constitutes its chief importance is found 
in the &ct that, in a whole series of the lower animals, the 
commencement of the alimentary canal secretes a fluid very rich 
in mineral acid, but containing no ferment, aud having no 
special action on the food. This important fact was first no- 
ticed by the zoolc^ist Troschel,^ He was making a scientific 
journey with his teacher, Johannes Miiller, aud whilst in Mes- 
sina he examined a large species of mollusc, which Is there 
found in the sea, the Dolmm galea. It so happened that one 
of these creatures, whili^t being examined, suddenly ejected from 
its month a stream of clear fluid, which fell on the floor. The 
latter was covered with marble, and the fluid at once caused a 
violent ebullition of carbonic acid. Troschel collected a large 
quantity of this secretion from a number of these molluscs. 
The weight of one of the molluscs amounted to from 1 to 2 
kgrtns., and the two lai^ glands which pour the acid fluid into 
the mouth, and are hence designated salivary glands by zoolo- 
gists, weigh together from 80 to l-">0 grms. On grasping the 
proboscis of the animal by its trumpet-like enlarged end, the 
secretion is ejeot«l, and can be collected in a vessel. The 
quantity was very small, but amounted in one case to fully 6 
loth' Prussian weight. It was therefore easy to collect a 
quantity sufficient for investigation. 

TVoachel, on his return to Bonn, made over the whole of 
the secretion to the chemist Boedeker for analysis. It struck 

' Spall anzani, " EipMcncra int In digestion," Trad. psrSenebier, pp. 65,07, 
MS, 330, 330, noavelle Mit.: GenSve, 1784. This work is Btronglj to be recom- 
DMnded to foung phyiiologiats, as ui eiumple of impartial iavestigatiun, logical 
amclnaoiiB, indomitable scepticiam. and the pureat enjofment of tmUi fbr its 
owD take. The WTDe qualities are visible in all Spall tunani'a other works. 

■Tresehel. Va^eitioTS't Annal., veA. zoili.p. S14: 1854; or Joura. /. prakt. 
Cktm., Tol. liiii. p. ITO: 1864. 

■ [A ' ktb ' i« balf ui ousoe.] 
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Boedeker at once that the fluid displayed no trace whatever of 
putf cfiMstion or fiermentatioiiy or of mooldineBs, and that it had 
no flmdl, aldioi^ it had been kept for half a year in a stop- 
pered bottle. The analysis yielded so large a quantity of scd- 
phnric add that, after aatmation of aU the bases pres^ity pot- 
adi, soda, magnesia, a little ammonia, and a trace of lime, there 
still remained 2.7 per cent. fl^SO^. In addition, the secretion 
contained 0.4 per cent, of hydiodiloric acid. These results of 
Troschel and BoeddLer were confirmed by Panoeri and De 
Loca.' They foond in three analyses of the saliva of DoUum 
galeUf 3.3, 3.4, 4.1 per cent, of fire snlphnric acid. They also 
proved the presence of secretions ccmtaming free salphuric acid 
in another species of moUnsc 

In more recent times^ the saliva of Dolium galea has been 
examined by Maly.' He has determined the salphuric acid 
by titration, and found 0.8 and 0.9 per cent. H^O^ in two 
determinatkms. The secretion had no digestive influence on 
any article of jfood. Proteid and starch remained totally un- 
changed. 

Fr6d^cq ' found that the salivaiy glands in the octopus 
had an acid reaction. The extract of these glands had no 
digestive inflaenoe. 

We must now ask how this ronarkable phenomenon, the 
secretion of the strongest free mineral acids from the alkaline 
tissues, is to be explained. 

That the tissue of the gastric mucous membrane does as a 
matter of &ct give an alkaline reaction, has been shown by 
Brucke^ by the following experiment. He removed a strip of 
the muscular coat from a rabbit recently killed, and then with 
curved scissors cut out a piece of the parenchyma of the glands 
without quite touching the internal surfiu^ of the mucous mem- 
brane. The fragment thus obtained could be crushed between 
blue litmus paper without causing a red spot, whilst this was 
produced at once on contact with the internal surface. 

The material for the formation of the hydrochloric acid in 
the gastric glands is undoubtedly yielded by the blood in the 
form of chlorid of sodium, which is the chief constituent of 
the ash of the blood-plasma and of lymph. But nevertheless 
carbonate of soda is contained in both blood and lymph, which 
have in consequence an alkaline reaction. How then is the 

* 8. de Luca and P. Panceri, CompL rend., toI. Ixt. pp. 677, 712 : 1867. 

* Maly, SUxungtber. d. k. Akad, d. Wisierueh, Math. nat. Classe, toI. Ixxzi. 
part 2, p. 376 : Wien, 1880. 

* Fr6d6ricq, Bulletint de VAcad. Jtoy, de Belgiqu^, ter. ii. yol. xItI. No. 11 : 
1878. 

« Bruoke, Sitsungtber, d. Wien, Akad,, vol. xxzvii. p. 131 : 1869. 
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hvdrochloric acid set free &om the sodium chlorid of the 
alkitline plaHcna ? Two suppositions alone are possible. Either 
the hydrochloric acid is separated from the sodium by the aid 
(if some kinetic enei^', or the hydrochloric acid is driven from 
its base by another acid. With regard to tlie first possibility, 
we are ouJy acquainted with one kind of kinetic energy which 
is able, outside the organism, to separate hydrochloric acid 
from an aqueous solution of chlorid of sodium, and that is tlie 
electric current. There was a period in the development of 
physiology when a tendency existed to ascribe anything which 
could not be understood to electricity. It was then thought 
that the appearance of free hydrochloric acid in the gastric juice 
could be explained by the supposition of electrical currents 
in the gastric glands. But at the present day this view is 
banlly entertained ; neither are there any valid grounds for its 
adoption. 

With regard to the second supposition, the displacement 
of the hydrochloric acid by another acid, there was till recently 
a prejudice against it, since it was thought that an acid could 
only be displaced by a stronger acid. The question is whether 
this opinion is well founded, and what we mean by the t«rms 
weaker and stronger acid. The most plausible definition is 
obviously the following : of two acids, the one which requires 
a greater expenditure of energy to separate it from the same 
ba.se, and which, on reuniting, produces more enei^, is the 
stronger. In this sense, as proved by calorimetric experiments, 
sulphuric acid is stronger than hydrochloric acid, hydrochloric 
acid than lactic acid, and the latt«r than carbonic acid. But it 
is erroneous to suppose that the weaker acid is never able to 
drive out the stronger. From the researches of Jul. Thomsen,' 
we know with certainty that every acid drives out a portion 
of ever)' other acid from its union with a base. It may even 
happen that the weaker acid unites with the bulk of the bases 
present. If hydrochloric acid be added to a solution of sul- 
phate of soda, heat is absorbed, and the temperature of the solu- 
tion falls ; more heat is used up in the separation of the soda 
from the sulphuric acid than is produced by it« union with 
hydrochloric acid. With the aid of the calorimeter, it is pos- 
sible to follow these experiments quantitatively with exactness. 
From the known amount of heat produced by the union of 
hydrochloric acid and sulphuric acid with sodium, and from 
ibe diminution of temperature observed when hydrochloric acid 
acts on a solution of sulphate of sodium, it can be exactly calcu- 
i« UnterBurhmigeii." Poggcndorff's^nna^. 
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lated how much salphoric acid is digplaced by the hydrochloric 
acid. Thomsen found that when equivalent quantities of hydro- 
chloric acid and sulphate of soda react upon one another, the 
hydrochloric acid combines with two-thirds of the sodium pres- 
ent, leaving only one-third to the sulphuric acid. The weaker 
acid takes up twice as much as the stronger. Strength, as defined 
above, is therefore not the determining &ctor. We are com- 
pelled to form a new idea of the different strengths of chemical 
affinity, and Thomsen has introduced the term ^^ avidity" to 
express this idea. The avidity of hydrochloric acid is therefore 
twice as great as that of sulphuric acid. 

Thomsen foimd the avidity of organic acids to be much less. 
The avidity of oxalic acid is four times less than that of hydro- 
chloric acid ; that of tartaric acid twenty times, that of acetic 
acid thirty-three times, less. If therefore equivalent quantities 
of acetic acid, hydrochloric acid, and soda react upon one 
another in an aqueous solution, the acetic acid takes ^r of the 
total soda ; the hydrochloric |^|. If, however, more tnan one 
equivalent of acetic acid react upon one equivalent of hydro- 
chloric acid and one equivalent of sodium, more than ^^ of 
the sodium unites with the acetic acid, and the further in- 
crease will be in proportion to the greater amount of acetic 
acid present. This phenomenon is known by the name ot 
the ^' influence of mass." By the influence of mass, acids 
of the weakest avidity are able to unite with the bases and 
to displace acids of the greatest avidity. No acid has an 
avidity = 0. Even carbonic acid, feeble as it is, must be able, 
by the influence of mass, to displace a part of the strongest 
acid. 

Finally, we must suppose that even the weakest acid, water, 
may displace a part of the strongest from their salts. If we 
dissolve neutral chlorid of sodium in water, there will be, in 
addition to the chlorid of sodium, a small trace of HCl and 
NaOH contained in the solution. In the case of certain 
metallic salts, which form basic salts, soluble with difficulty, 
the action of water in displacing the strongest mineral acids 
can be easily demonstrated. If we dilute a solution of nitrate 
of bismuth with water, the basic salt is precipitated, and we find 
free nitric acid in solution. In this case the mass-influence of 
the feeble acid is aided by the affinity of the strong acid for 
water. 

The displacement of strong mineral acids by weak organic 
acids may be shown in other ways than the thermo-chemical. 
Maly ^ introduced into the lower portion of a tall cylinder 

1 Maly, Liebig'8 Annal,, vol. clxzui. pp. 250-257 : 1874. 
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a solatJon of commoa salt and lactic acid, and caret'u 
water upon it. After a oonsidcrable time the upper stratum 
was removed and analyzed. It waa found to contain more 
chlorin than was sufficient to saturate the sodium that was 
present. It follows that free hydrochloric acid liod difiused 
Uitt) the wafer. 

If we take these facts into consideration, there is nothing 
peculiar in the aei>aratioii of free hydrochloric acid from alka- 
line blixxl. We know that the blood always contains free car- 
bonic acid which, by the influence of mass, has the power of 
Betting free a small amount of hydrochloric acid from the chlo- 
rid of sodium. The amount may be almost imperceptible, but 
is soon as this small quantity of free hydrochloric acid, which 
corresponds to the free carbonic acid, diffuses away, the carbonic 
acid, by its mass-influence, must again set free another small 
ajoount of hydrochloric acid, and so on. 

There is thus nothing extraordinary in the occurrence of 
fir^ hydrochloric aeid. But what is enigmatical is the power 
epithelial cells possess of directing the hydrochloric acid, liber- 
at-esd from the chlorid of sodium, always in the one direction 
to^^ards the excretory duct of the gastric glands, and the car- 
b<:>Kiate of sodium, formed ftum the carbonic acid, always in the 
opfKisite direction, back towards the lymph and blood-vessels. 
But this enigma confronts us everywliere in living tissue. Each 
oelJ bos the power of attracting or rejecting different materials, 
Mi^c^rding to the object they are destined to fulfil, and of for- 
warding them in different directions.' It is therefore no fresh 
pmblem that confronts us in the attempt to explain the occur- 
renci: of free hydrochloric acid in the gastric glands, and, in 
fiict, "every explanation of the phenomena of nature consists in 
refening an apparently fresh difficulty back to old and well- 
kuown problems," 

The mass-action of carbonic acid appears also to liberate 
the mineral acids in the salivary glands of DoUum galra. 

Ilte Luca and Panceri observed that a strong current of gas- 
bubhles arose from the glands when they were cut up and ira- 
mersed in water. The gas, being completely absorbed by 
potaflh, was therefore pure carbonic acid. A gland weighing 
^5 grms. produced, when covered with water, 200 c.cms. 
01 carbonic acid, or nearly three times its volume. It must 
likewiae be remembered that the surrounding fluid retained 
s considerable quantity of carbonic acid, and that the gland 
itself remained saturated with carbonic acid. Thus at least four 
'tnes its volume of carbonic acid was absorbed in the gland. 
1 Compare kbave, p. 4, and below p. 147, Hud Lectura XXI. 
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As water at an ordinary temperature absorbs from an atmos- 
phere of pure carbonic acid its equal volume of carbonic acid, 
we must conclude that the carbonic acid in the glands was under 
more than fourfold atmospheric pressure ; or we must assume 
that the carbonic acid was in part loosely combined. An exact 
estimate of the tension of carbonic acid which would prevent 
the escape of the gas from the gland, would help to decide this 
question. 

It is quite possible that much carbonic acid is also liber- 
ated in the epithelial cells of the gastric glands, either by 
a fermentative process or by the oxidation of organic com- 
pounds. 

At the same time we are not obliged to ascribe the dis- 
placement of the strong mineral acids to the most feeble acid, 
carbonic acid. It is quite conceivable that, in the epithelial 
cells of the glands, organic acids may be liberated by the 
action of ferments from neutral organic compounds — for in- 
stance, lactic acid fit)m neutral sugar, which is invariably a 
constituent of blood-plasma and of lymph. It is even possible 
that the strongest mineral acid, sulphuric acid, may be liberated 
by a fermentative action directly from a neutral compound of 
sulphur, as, for instance, from proteid. That this is possible 
may be seen from an example in organic chemistry — I mean 
the decomposition of a glucoside, myronic acid. The potassium 
salt of myronic acid, a neutral compound, splits up by the 
action of a ferment into sugar, oil of mustard, and bisulphate 
of potash, which latter, Graham ^ has shown, at once decom- 
poses in an aqueous solution into free sulphuric acid and 
neutral sulphate of potash. Besides this, free sulphuric acid 
might also be liberated by oxidation from neutral organic sul- 
phur compounds. 

At present we do not know by which, of all these con- 
ceivable processes, the strong mineral acids are liberated in 
glandular tissue. I have called attention to these possibilities 
so as not to be obliged to have recourse to electricity for an 
explanation. 

The secretion of the free hydrochloric acid does not occur 
in all glands of the gastric mucous membrane. The mucous 
membrane in the r^ion of the pylorus which, even with th& 
naked eye, can be distinguished by its pale color from the 
rest of the membrane, yields an alkaline secretion which onl; 

^Graham, Liebig's Annal., toI. Izzyii. p. 80: 1881. In adilRision 
ment with bisulphate of potassium, more sulphuric acid diffused than 
sponded to the acid salt, and a little neutral sulphate of potassium eryitallised 
in the diffusion-cell. 
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? pepsin. The glands of the rest of the 
Q acid set'retion which contains pepsin as w 
This was shown to be the case I 
Heid^nbam ' by the following method :- 

By an incision in the linca alba of a dog that has been 
&sting from thirty-six to forty-eight hours, the stomach is 
drawn out by two parallel incisions, avoiding the large blood- 
vessels, the pyloric zone is cut out, the two edges of the re- 
sected stomach are sewn together, and the organ thus reduced 
in size is replaced. Then the excised pylorus is sewn together 
at one end to form a sac, white the other end is sewn into the 
abdominul wound. By the careful use of antiseptics in the 
treatment of the wounds, and by abstinence from fimd during the 
following days, the animals are kept alive after this severe 
operation. Heidenbain was able to observe one of the dogs, 
that be had experimented upon, for ten weeks. The slimy 
clear fluid secreted in the isolated pylorus invariably gave an 
alkaline reaction, and, on the addition of 0.1 per cent, of 
hydrochloric acid, produced a peptonizing action on proteid. 
As dilute hydrochloric acid by itself cannot convert proteid 
into peptone at the temperature of the body, we must assume 
that the pyloric secretion contains a ferment. 

In a similar method to that adopted for the pylorus, 
Heidenbain isolated a rhombic portion of the fundus of the 
stomach, convert«d it into a sac, and attached the open end 
to tbe abdominal wound. A dog thus o)>erated upon was 
kept under observation for five weeks. The secretion collected 
from the abdominal wound always possessed an acid reaction, 
and manifested a pronounced peptonizing influence, showing 
that it also contained pepsin. 

Still further progress has been made in deterraining exactly 
where the hydrochloric acid arises, and special cells of the 
paric glands, tbe so-called border or oxyntic cells, are re- 
garded as its place of origin. The reasons which are adduced 
in &vor of this conclusion are by no means convincing ; but 
'( wonld lead me too far to consider the whole question in 
detail.' 

Since it is possible to keep an animal alive after resection 
'>f the pylorus, the question occurs as to whether tbe whole 

' Bailolf Klemensiewici, SiUnngiberiehte der Wienvr Akad., Uath. D>t. 
<^liMM. Tul. lixi. part iii. p. 34R : 1S76. 

' Heidenhsin, Pfliigrr'a Arek., vol. iTiii. p. 169: 1878; and vol. xii. p. 148; 

' An kcconnl of the literalure on thU qtif Btion is given in Ihe chnpter, " Phy- 
>i^l«pe der AbaonderaogsvorKangE," bf H^idnibBin. in Hermann's " Handbuch 
*•■ Phyaologie," vol. ». part i,; Leipiis, 1883. 
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stomaoh might not be removed without destroying life. Booh 
an operation would be likely to give us much information oon- 
ceming the true importance of the stomach. 

Czemy, the eminent surgeon, and his assistants, Eaiser 
and Scriba, carried out this operation on dogs. In the year 
1878, Kaiser^ published the result of the operations, and com- 
municated the &cts that, of the dogs in which the stomadi 
had been almost completely removed, one had survived three 
weeks, another— operated on December 22, 1876 — ^was slill 
living. At first the animals were fed only cm very small 
quantities of milk and minced meat, as otherwise vomiting 
ensued. The second dog, after a two-months' interval, required 
no further care, and ate ordinary food like the other dogs. 
The weight of die dog before the operation was 5850 grms.; 
aft^r the operation it fell to 4490 grms. by January 22, but 
then increased again till it amounted to 7000 grms. oa Sep- 
tember 10. 

In Leipzig, in the year 1882, Ludwig and his pupil Ogata' 
were engaged in investigating the functions of the stomach. 
It occurred to them that it would be interesting to learn what 
had become of Czemy's dogs. Ludwig wrote to Czemy at 
Heidelberg, who answered by sending the dog in a perfectly 
healthy state to Leipzig. It was in excellent spirits, and 
ate all kinds of food with a keen appetite. The feces were 
normal. In consequence of the abundant food it put on 
weight, and it did not appear to differ in any way from an 
ordinary dog. With Czemy^s consent, the dog was killed in the 
spring of 1882. '^ The post-mortem showed that only a very 
innall portion of the cardiac end of the stomach remained, and 
this was dilated into a small cavity filled with food.'' The dog 
had therefore lived fbr more than five years without a stomach. 

Ludwig and Ogata' adopted another way of excluding the 
stomach from participation in the functions of digestion, and 
of observing what variations from the normal course of events 
were then produced. They introduced the food directly into 
the duodenum, by means of a fistula which had been establidied 
close to the pylorus, and then closed the pylorus by means of a 
gutta-percha ball provided with a long tube which projected 
from the fistula, and by means of which the ball could be so 

^ F. F. Kaiser, in Czemy'i " BdtriLge tor operatiTen Chinirgia," p. 141 : 
1878. These results have been confirmed by F. de Filippi, Deuttck, mmL 
Woehenachr,, p. 780: 1894; J. CaryaUo and V. Faohon, " Aroh. de PhyiloL," 
Tol. xxvii. pp. 349 and 766 : 1896, and U. Monari, Beitr. s. kliit, Chir., toI. rri. 
p. 479 : 1896. 

* M. Ogata, Da Bois' Areh,, p. 89 : 1883. 

* M. Ogata, loe, cU,, p. 91. 
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filled with water that the passage from the stomach to the 
duodeQum was completely cut off. 

In this WBj it was possible to introduce at one time very 
lai^ quantities of food, fiuch as pounded egg and minced 
meat, into the duodenum without causing any disturbance. 
Two injections per diem were sufficient to maintain the 
animal's weight. The food was almost completely used up, 
and the feces exhibited normal characters, such a^ are ob- 
§erved in feeding by the mouth. The only exception was that 
sometimes the connective tissue of the food was not quite so 
completely absorbed as is norraally the case. It was however 
not a matter of hidifference whether the food was previously 
cooked or not. For instance, miuced meat was completely 
absorbed only if given raw. If administeretl afler it had been 
boiled, it was ejected per anum a few hours later but little or 
entirely unaltered. Mineed pork behaved in an opposite way, 
and was more completely digested after having been lightly 
boiled than when given raw. 

Ludwig and Ogata conclude from their observations that 
" the stomach is not absolutely necessary to satisty the require- 
menta of digestion, either as a reservoir of food or to produce 
tbe gastric juice." 

No experiment was made in which a dog, after removal of 
the stomach, was fed by the direct introduction into the intes- 
tine of putrid meat, a diet which agrees very well with normal 
dc^a. The chief function of the stomach would at once have 
been evident had this been done. 

Encouraged by the success of these experiments on animals 
surgeous have carried out, with more or less success, the ex- 
tirpation of the stomach in man, especially in cases of caucer of 
the stomach. It is advisable, when possible, to leave a portion 
of the stomach, however small it may be, since this portion will 
afterwards increase in size, and thus take on the chief function 
of the stomach, viz., as a reservoir and protective organ for the 
intestine. In 1895 Professor Schuchardt, in Stettin, excised 
the whole stomach of a patient with the exception of a small 
portion (about three fingers' breadth) of the cardiac end. This 
patient lived two and a half years after the operation, and was 
daring this time perfectly well. At the autopsy a stomach 
was found with a capacity of 500 cc. It was on this account 
that the patient, who at first could fake only a small portion of 
r(K>d at a time, was later on able to take his meals like any 
other person.' 

' CoDtmuDicated by C. Schlnlter in the Corrapondentbl. /. tcAtreittr Aentr, 
ter\. zxTii, p. 70Fi: IS97. Here also several other inatancei of almoBt complete 
eilirp»tu>[i otiht nomschare recorded, 
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At the Congresa of Swiss Physicians in Olten on October 3U^ 
181)7, the sui^eoD, C. Schlatter, of Zurich,' showed a woman 
in whom be had cmnpldelt/ extirpated the stomach, on account 
of a hard tumor involving the whole stomach from pylorus 
to cardia. The esophagus was too &r off from the duodenum 
to allow of the two being sewn together. The esophiigus was 
therefore made to open into a loop of the small iut«ritine, and 
the upper end of the duodenum was closed by sutures. The 
bile and pancreatic juice thus poured themselves iuto a blind 
portion of the gut, by which they were conducted to the small 
intestine, where the food entered it through the esophagus. 
The patient who had undergone this operation had already sur- 
vived it eight weeks when she was shown at the Meeting, and 
in this time had put on 4,4 kilos, in weight. Of course the 
patient could take only small quantities of fluid or of finely 
minced food at a time. 

The antiseptic powers of the gastric juice have, like most 
things, a limit. Certain bacteria and among them pathogenic 
organL'^ms exhibit, especially in their spore stage, such a resist- 
ance to chemical agents that the hydrochloric acid of the 
stomach does not kill them. Thus Falk' observed that the 
tubercle bacillus was not acted upon by gastric juice. An- 
thrax virus, taken from the spleen of animals which had died 
of splenic fever, was rendered inert both by gastric juice and 
by a 0.11 per cent, solution of hydrochloric acid. The spores 
of anthrax bacilli were as a rule not affected by dilute hydn>- 
chloric acid or gastric juice, though they were in a few cases. 
These statements have been fully confirmed by Frank.' 

The comma bacillus, which is said to cause cholera, is very 
easily killed by dilute hydrochloric acid. In consequence, it is 
not possible to infect animals by administration of the comma 
bacillus by the mouth. But it is possible sometimes to excite 
attacks resembling cholera, by injecting pure cultivations of 
this bacillus iuto the small intestine or into the stomach, after 
previously washing out the organ with a solution of carbonate 
of soda.' The bacteria which produce lactic and butyric fer- 
mentations appear to be more resistant to hydrochloric acid ^ 
at any rate, they are fiund very frequently, probably always^ 
in the human intestine,' and after eating carbohydrates, a smalL 

^loe.eit. 'Falk, Virohow's JreA.,Tol.iciii.p. 117: 1883, 

' FnoV. Deutsche ntd. Wochetueh.. No. 24: 1884. Compare also H. Hftm — 
burger. "Ueber d. Wirktuig des Magensates auf palbogene Bac^lerien," Diraect. = 
Breslau, 1890. A oomplete nccount orihe llteralure U here giren. 

*Nicati et RieUch. Ren. ScUn., p. 658: 18M ; K. Koch, DiMseh. kw*" - 
Wachrntch., No. 45: 1884. 

" B. ¥iQ\haafse\, Cenlratbl. f. d. mtd. ITuMtMcA., No, 2 : 1881. 
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aaomt of lactic aiid butyric acids is probably always found in 
the stomach. It has ofteii been asserted that this decomposition 
"^ produced by uiioi^;anized ferments, but it has never been 
arictly proved,' In the normal feces of man, other species of 
Wteria are constantly found.' 

Recently, Nencki and his pupils^ have investigated the 
fflicrooi^anisms occurring in the intestinal contents obtained 
from a fecal fistula affecting the lower end of the small in- 
iKtiue of a patient. On meat diet they found six different 
fcinds of bacteria, one kind of yeast, and one mould. On 
v^etable diet (peas) there were also yeasts, but no mould. 
There were also six kinds of bacteria, of which only one was 
ideatical with those found on a meat diet. These microorgan- 
isms were grown in pure cultures in order to determine what 
part each species played in the processes of decomposition oc- 
curring in the intestine. 

Xn patholi^ical conditions, as in so-called catarrh of the 
stotnach, when the secretion of free hydrochloric acid is sup- 
pressed, and the amount of alkaline mucus yielded by the sur- 
&ce of the stomach b increased, the reaction may indeed become 
slltaline, and then all sorts of bacteria are able to grow lus- 
unaxitly.' I..actic and butyric acids especially are formed in 
abundance. The presence of acetic acid has also been demon- 
^'^ted ; this is probably produced from the alcohol, owing to 
"C oxidizing influence of the air which has been swallowed. 
Aioohol arises by ferroentatioa from the carbohydrates. Not 
""'j' does yeast, which has actually been observed in the 
*****Uach, produce alcohol, but certain varieties of bacteria ap- 
P**i^ also to do so.* 

The gases which are formed by the processes of fermentation 

J^ tfce stomach are carbonic acid gas, hydrogen, and marsh gas.* 

**<3er pathological conditions they may be formed in consider- 

*"'^ quantities, and so cause dilatation of the organ. In one 

"^^^^ of dilatation of the stomach Fr. Kuhn ^ found that one 

J. * 8e« Fen). Uueppe. MiUhtii. a. d. kaittrl. Gaandhciltamte.. vol. ii. p. 309 : 

*"'in. I81M. Nencki u. Sieber, Jaurn. /. prala. Chtin., vul. iivi. p. 40: 1SA2. 
g ™3« Berthold Bienslock, Zeittchr. /. k/in. Med., vol. vili. p. 1 : 1884; L. 
^^^^er, ZeUachr. f. phjiiiol. Cftem., vol. viil. p. 306: 1884. 

* Uacfadyen, Nencki, tuid Bieber, Arch. f. exptr. Palh. u. PKarm., vol. 
■*^iii.p.326: 18111. 

"^.^.n occonct of th? mlcroorganisma which occur in the Btomach under 
jrj^*~>o1ngic«l conditioDS, aa well as th« literature of the subject irill be found in 
11 super by W. de Bary, " Beitr. Kur Kenntniss der niederan Orgimiemeu im 

*-«*»ninh«l(»" f Jti-A t *j-n J>n.lh vnl r> n 91^ - IHRfil 
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inhKlCe " {Anh. f. txp. Path., vol. it, p. 243 : 18H5J . 
•L. BriegeT, Zfi44chr./. phfiol. CAon., vol. viii. p. 308: 1884. 
'G.Hoppe-Seylet.Detttich.Arch.f. Win. ifed.. vol. 1. p. 83: 18! 
'Fr. Kuhn, ZeilMhr.f. Hin. Mid., vol. »ii. p. 584: 1892. 
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liter of gastric contents developed four liters of gas in fou^r- 
hours when kept outride the body at the body temperature— 
This gas had the following composition : — 



CO A trace 

At times sulpbaretted hydrc^o may also be formed in th^ 
stomach contents.' 

If the organic acids reach the esophagus, they cause heart- 
bum by the irritation of the mucous membranes of the esopha- 
gus and faucee. This symptom is usually treated with car- 
bonate of soda or magnesia, without considering that the cause 
of the disorder is thereby increased rather than diminished. 
The free acids are neutralized by the drug, and the growth of 
the fungi and fermentation proceed more rapidly. The only 
proper treatment of heart-bum would be to recommend absti- 
nence to the patient, until the stomach was empty and disin- 
fected by its normal hydrochloric acid. 

The contents of the stomach in a considerable number of 
diseases have recently been examined by means of the stomach- 
pump.' It has been found that the free hydrochloric acid is 
frequently absent in the gastric juice of the patients, whilst 
pepsin is always present.* For this reason, dilute hydrochloric 
acid is frequently prescribed as a remedy in dyspepsia. Many 
practitioners assert that they have obtained a favorable result 
with it. I would however warn against a too energetic 
treatment with free hydrochloric acid, especially a very pro- 
longed use in chronic gastric trouble. Hydrochloric acid is 
partly excreted in a free state by tbe kidneys. We are 

'J.Boaa. DfVUeA.meil. Wocheiuchr.. So. i9, p. UIO: 1892. 

•O. MiokoiTaki, Afillheiltingcn autdtrmed. Klinik lu KSnigibern i. Pr., p. 
118: lt<8S. Th« earlier literature U rliscnssed here. 

* It h&B frequently been amerlcd that free hydrochloric acid is parti; or 
cotnpktelj replai-ed by lactic acid, even io the normal gastric juice, but espe- 
cially in certain diaeeses. It has eren beeo asserted Ibst the absence of tnt 
hydrochloric acid might serve for diagnostic purposes, iU abience having been 
regardod as indicative of c&rciDoma of the pylorus. A whole series of coDvenient 
reactions far the demonslratioQ of Tree hydrocblcric acid have also been deviwd. 
But these testa have not proved reliable, nor has the absence of ftee hydrochloric 
ncid as a sign of a definite malady been found to be trustvorthy. Jnat as little 
baa the presence of lactic acid as a constitnent of normal gastric jaice been 
proved. It would appear that the lactic acid found in the stomach never come* 
from the gastric gtanda, but always from the earbohydralea of the food. An 
account of the extensive literature on this subject will be fband in Dnituh. Arth. 
/. iiin. Jfcd., vol. xixii.p. 233: 1S86, by J. von Mering and A. Cahii, enlitltd 
" Die Sauren des geaunden uod kranken Magens." 
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ignorant whether we should not be throwing too much work 
ujiOH these organs, and whether we should not injure their tis- 
sue by a too prolonged use of it. We are also unaware what 
oiicr tissues are affected by the hydrochloric acid on its way 
irijm the stomach to the kidney, and what variations from their 
nomul chemical processes it causes. A diminution of their 
alkul«scence can never he a matter of indifference, since the iii- 
teosi^ of the processes of oxidation and disint^ratiou must be 
niimolely bound up with the reaction of the tissue, Judgiag at 
xfiyrate irom analogous chemical proceei>es that we are famili»r 
with oateide the body. So long as we are ignorant on these 
piiinfe, we must be cautious in the use of powerful remedies 
lilie fiee mineral acids. In most cases, the best advice would 
perhaps be that of abstinence, until the whole lining of tJie 
stooiach has become disinfected by normal undilute<l gastric 
juice. Even iu weakened and anemic individuals abstinence is 
perliaps more effectual than hydrochloric aci<i and pepsin, bc- 
compiuiicd by more foo«l than their instinct tells them thev can 
dispoM of. The adm in iint ration of preparations of pepsin and 
pancreatin is a useless measure. 

It should also be noted that to b^in a meal with soup, and 
to drink much during a meal, are not rational proceedings ; bo- 
cau.se the gastric Juice becomes too much diluted, and loses its 
disinfectant properties. There is an ancient and good dietetic 
rule, not to drink for an hour or two after eating, when thirst 
is actually felt. It is noticeable that to the healthy instinct of 
children soup is repugnant. At periods when cholera is preva- 
lent, it is advisable to avoid all voluminous foods and to reduce 
liquids to a minimum, so that the whole contents of the stomach 
may be impregnated with hydrochloric acid of the necessary 
concentration. 

The question as to why the stomach does not digest itself is 
one which has caused much dWussion. The tissues of the 
stomach consist entirely of digestible matter — proteid and gela- 
tin. In &ct, as soon as life ceases, self-digestion of the stomach 
takes place. In post-mortem examinations, it is common to 
find a part of the mucous membrane of the stomach softened 
or dissolved, and this phenomenon is especially marked in the 
bodies of healthy and powerfiil individuals who have met with 
a sudden death in the midst of full digestion. The old doc- 
trine, that the ' sof^ing of the stomach ' was a pathological 
process going on during life, is now definitely rejected.' The 
reason why the process of digestion does not proceed further in 
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the dead body is dae to the process of cooling down which 
takes place. 

If a dog be killed during digestion and the body be kept 
warm, we find, after two or three hours, not only a self-diges- 
tion of the stomach, but also of the neighboring parts, liver 
and spleen. Why does this solution not take place in the liv- 
ing animal ? This question was taken up by John Hunter,' 
who supposed that " the living principle " hindered self-diges- 
tion. CI. Bernard ^ thought to refute this view by the follow- 
ing experiment. He placed the 1^ of a living frog into the 
gastric fistula of a living dog. The 1^ was soon digested, 
and the frog remained alive. The living principle had not 
therefore protected the frog. Pavy * introduced tihie ear of a 
live rabbit into the gastric fistula of a dog. A large part of 
the ear was digested in a few hours, the tip being entirely 
dissolved. 

Pavy * thought that an explanation of the power of resist^ 
ance possessed by the living gastric mucous membrane was to 
be fouud in the quantity of blood contained in it. He sup- 
posed that the constant rapid' rush of alkaline blood and alka- 
line lymph through the tissues did not allow the pepsin, which 
can only peptonize in acid solution, to do its work. If the 
circulation were arrested, self-digestion b^an. Pavy showed 
that, after tying the blood-vessels of the stomach in dogs, a 
part of the mucous membrane was digested ; in rabbits, even 
perforation of the stomach set in. He opened a dog's stom- 
ach and ligatured a portion of the opposite wall so that the 
piece that was tied hung into the stomach, and the piece was 
digested as if it had been swallowed. Pavy concludes from 
these experiments that the alkalies in the blood prevented 
self-digestion ; and this interpretation has been commonly ac- 
cepted. But the conclusion is not correct. The alkalies are 
not the ouly things carried to the epithelial cells by the blood. 

treated here. The most prominent pathological anatomists and medical men 
have adopted Elsasser's view, that the softening of .the stomach is a post-mortem 
process. It is only in very rare and exceptional instances that softening and 
perforation of the stomach set in before death. See W. Mayer, ** Gastromalaciiu^ 
ante mortem/' Dissert, inaug. Erlang : Leipzig, 1871. 

* J. Hunter, ** On the Digestion of the Stomach after Death,'' Phil, Tram. .=r 
June 18, 1772 ; and *' Observations on Certain Parts of the Animal Economy *' -^ 
London, 17H<). 

2 CI. Bernard, " Lemons de physiologie exp^rim.," Ac, II. p. 406 : 
1856. 

* F. W. Pavy, " On the Gastric Juice," Ac, Guy*t Hospital Heparts, toI. i 
p. 265 : 1856. 

* F. W. Pavy, '* On the Immunity enjoyed by the Stomach from being di| 
by its own Secretion during Life," Phil, Trans,y vol. cliii. part. i. p. 161 : II 
and •• On Gastric Erosion," Ouy^s JETospifnl Reports, vol. xiii. p. 494 : 1868. 
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The blood brings to the glandular cells everything which is 
oecc^isa.ry to fnlfil their functions. If the supply of blood be 
cut «ff, tb(»se vital functions which resist the action of the 
lin ferment must also cease. Why does not the pancreas 
f^t itself, as pancreatic ferment is effective in a neutral and 
alkaline solution? 

Here we are face to fece with an unsolved problem. But it 
is t:»Ot a new one ; as the epithelial cells of the piatric glands 
Uberaitt free bydrochloric acid and still remain alkaline, so the 
epit-Lielial cells of the pancreatic gland secrete the ferment and 
theroselves remain free from ferment. We see the same thing 
going on in every vegetable cell. The cell sap which fills up 
cavities in the protoplasm of the cell is acid, the cell itself, 
lik^ all contractile protoplasm, is alkaline. The cell eap is 
frequently brilliantly colored, while the cell itself, which 
prcxluces the coloring matter, is colorless. But as soon as 
life ceases, as soon as the vital phenomena, the visible ameboid 
movements, stop, the incomprehensible power of selecting 
«iL>stanoes likewise diiappears ; the laws of diffusion are in no 
v^y interfered with, and the protoplasm becomes tinged with 
colisriDg matter. This inexplicable power of separating and 
distx-ibuting the substances according to the object in view 
is possessed by every cell in our bodies (com))are above, p. 
13 7-). 

Pavy relies upon the fact tliat self-digestion occurred after 
the introduction of large quantities of acid into the stomach, 
evexi when the circulation was not disturbed, to prove his view 
that circulating blood prevents self- digestion only by its 
dhLalinity. In this case, Pavy considers the alkalies do not 
office to prevent the action of the acids. He injected 3 ozs. 
(=1 y3 grms.) of dilute hydrochloric acid, which contained 3 
drms. (=12 grms.) HCl, into the stomach of a dog, and at the 
same time tied the pylorus and the esophagus, avoiding the 
vesisels. The dog died in an hour and forty minutes, and the 
pi>sl-mnr1em, which was immediately made, showed solution of 
the gastric mucous membrane, and perforation of the wall of the 
stomach at the cardiac orifice. But this experiment does not 
justify any conclusion. The amount of hydrochloric acid in- 
ject*d was much ton large. Pavy might have destroyed the 
""all of tbe stomach equally well with caustic potash. 

It has often been attempted to refer the origin of the round 
S*stric ulcer to self-digestion. But the danger of self-digestion 
■^ V>y no means so great as was formerly believed. It has been 
f^o-wn, by numerous researches, that the wall of the stomach 
"*s a decided tendency to heal rapidly after wounds of the 
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most varied description. This is oonclnsively proved by the 
favorable results of operations on the stomach in animals and 
human beings. The most plausible hypothesis on the cause 
of the gastric ulcer has been advanced by Viichow/ who con- 
siders tibat some kind of disturbance in the circulation is at the 
root of the disease. And^ in fact, Panum ' succeeded in pro- 
ducing hemorrhagic in&rctions with the subsequent formation 
of ulcers in dogs, by embolic plugging of the smallest arteries 
of the gastric mucous membrane. These resulte a^ quite 
in harmony with Pavy's above-mentioned experiments. But 
it has very rarely been found that thrombotic or embolic 
plugging precedes the round gastric ulcer in human beings. It 
has therefore been assumed that the round gastric ulcer 
was caused by abnormal increase of acid in the gastric juice, 
or in the contents of the stomach. But this supposition is 
utterly unsupported by &ct. It is also to be noted that the 
gastric ulcer is generally situated in the pylorus and in the 
small curvature, very seldom in the fundus, where the acidity 
is greatest. The etiology of the Ulcus ventrieuK is still in- 
volved in obscurity. 

I must not omit to mention that one of the functions of the 
stomach consists in the absorption of nutritive substances. 
The process undoubtedly commences in this section of tlie diges- 
tive tract. The most recent q^d careful researches on this func- 
tion we owe to J. von Mering ' and his pupils. Mering established 
duodenal fistulse in dogs and then introduced water or solutions 
of food-stuffs into their stomachs. When pure water was given, 
it flowed out of the fistula even while the animals were drink- 
ing, but always in spurts. If the finger were introduced into 
the pylorus, this intermittent flow was found to be due to 
the alternate contraction and relaxation of the pyloric orifice. 
Each minute the pylorus opened two to six times, each time letting 
out from 2—15 cc. of water. In over 100 experiments, in which 
a measured quantity of water was given by the mouth, almost the 
exact amount was recovered from the duodenal fistula, and 
indeed, on one or two occasions, a few cc. over and above. 
Thus in one large dog, afler 440 cc. water had been taken by 
the mouth, 445 cc. flowed out from the fistula within the next 

* Virchow in his Arch.^ vol. v. p. 281 : 1853. 

' Panum, Virchow's Arch,t vol, xxv. : 1862. 

' J. von Mering, assisted by Dr. Aldehoff and Dr. Happel, " Ueb. die 
Function des Magens.'' Separatabdmck a. d. Verhandlungen des III, Ctmgrmttt 
f. innert Med, zu Wiesbcuient 1893. For the older work see H. Tappetner, 
*' Ueber Resorption ira Magen/' ZeUtehr, f, Bwlog., vol. xvi. pp. 497-607: 1880; 
B. von Anrep, " Die Aufsaugung im Magen des Handes," Da Bois' Arch., pp. 
604-514 : 1881 ; R. Meade Smith, ibid,, p. 481 : 1884 (experimenti on frogs). 
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tbii^f minutea. Mering concludes from his experiments that 
prsioticsiWy no water is absorbed from the stomach. 

.Aa obvioua criticism of these experiments is that no account 
has t»een taken of the salivary secretion. A large dog secretes 
iu oEe hour from 30—90 com. of saliva,' which gets into the 
slotEiMt'h, If, therefore, only just so much water is recovej^ 
ji\j[Xi B duodenal fistula as has been taken by the nrnuth, we 
mnst. Conclude that the stomach ha.'^ absorbed an amouDt of 
*at«r equal to the volume of saliva .■secreted during this time. 
It is to be hoped that tliese experiments will be rejieated in 
ccfflabicatioQ with extirpation of the aalivary glands or ligature 
nf tlaeir ducts, or that the saliva be prevented in some other 
wny from reaching the stomach. It must be further objected 
that the stomach behaves quite difFereotiy when the fluid is 
all(>Ave<l to flow into the intestines instead of escaping by the 
doodenal listula. Thus Mering states that " if the duodenal 
fistula be closed so that the contents of the stomach can only 
be discharged into the Intestine, all escape from the body being 
prevented, a very much longer time elapses before the ingested 
water leaves the stomach. Whereas, in a dog with open listula 
olK> tx. leil the stomach iu less than thirty minutes, after closure 
of the fistula in the same dog a considerable amount of Huid was 
still found in the stomach sixty minutes after its introduction. 
If 2-50 cc. of warm milk be introduced by means of the fistu- 
lous opening into the duodenum in the course of fifteen minutes, 
and then 500 cc, water be injected into the empty stomach, only 
a few cc. of fluid will leave the stomach within the next half 
liour ; although when the intestine is empty the stomach would 
gel rid of the 500 cc. by means of the fistulous opening in less 
lliau thirty minutes. This arrangement evidently indicates that 
JistentioD of the small intestine reflexly inhibits the evacuation 
of tbe stomach." 

If the evacuation of the stomach Is thus slowed under normal 
conditions by this reflex mechanism, we must grant the possi- 
bility that there may be a considerable absorption of water from 
the stomach. 

In the animals with a duodenal fistula, the absorption of 
water on tlie other hand seemed to be extremely slight, as was 
^I'dent from the fact that "they were continually tormented 
"•^i^li thirst. They drank water by the liter, without assuaging 
their thirst; in fact, the more they drank, the worse grew the 
thirst, because a small excessof fluid was secreted by the stomach 
and lost to the body with the ingested fluids." 
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If solatioiis of fbod-stnflB — giape-eagar, maltose, cane-sugar, 
milk-sngaTy dextrin, or peptone — were injected into the stomach 
of soch animals, a portion of these substances could not be recov- 
ered from the fluid flowing out by the fistula. Thus 20 per 
cmt. of the dextrose and 60 per cent, of the peptones disap- 
peared. When 30 grms. of sodium chlorid in 400 cc. water 
were introduced, 6.5 grms. of the salt were absorbed in the 
stomach. The fluid however increased in amount, so that 787 
ce. of fluid were collected firom the fistula. Dilute solutions of 
alcohol bdiaved like the salt solution : a portion of the alcohol 
disappeared, but the total volume of fluid was laigely increased. 

llie following experiment sarved also to show that an excre- 
tion of water proceeds, pari passu, with the absorption of dis- 
solved substances in the stomach. A dog weighing 7 kilos, was 
morphiniwd and its pylorus ligatured. 100 cc. of a 66 per 
cent, solution of dextrose were then injected into the empty 
stcHnach and the esophagus ligatured. After nine hours the 
stomach was fi>und to contain 400 cc. of fluid, witli 9 per cent 
of sugar. 

These interesting experiments of Mering's are extremely 
suggestive, especially in their bearing on the symptomatology 
and therapeutics of pyloric stenosis and dilatation of the stomach. 
For the many new points of view put fi^rward by this author, 
I must refer my readers to the study of the original. 



LECTURE XI 

TBE PBOCEBSES OP DIGESTION IN THE INTESTINE — THE PAN- 
CREATIC JUICE AND ITS FERMENTATIVE ACTION — FER- 
MENTS IN GENERAL — THE ACTION OF THE PAN- 
CREATIC JUICE ON THE CARBOHYDRATES, 
FATS, AND PR0TEID6 — THE NATURE 
AND SIGNIFICANCE OF PEPTONES 

The time during which different articles of diet remain in 
the stomach of human beings varies very greatly. It does not 
depend only on the quality of the food ; it also increases with 
the quantity. The mechanical condition, the d^ree to which 
it has been masticated, likewise affects it, as also the intensity 
of the preceding hunger, and especially the state of the stomach 
at that moment, a state which depends on many physical and 
psychical influences. Numerous observations on people with 
gastric fistuke ^ have shown that the food remains in a healthy 
stomach finom three to ten hours. In disease the time is often 
much longer, as modem experience has discovered by means of 
the stomach-pump. The emptying of the stomach goes on very 
gradually in small portions at a time. Busch ' observed this in 
a woman, who, in consequence of a wound made by a bull's 
horns, had an artificial anus a little below the duodenum, from 
which the contents of the stomach oozed out, as they were un- 
able to reach the other opening of the small intestine. The 
^Tst portions of food appeared in the fistulous opening as early 
^8 from fifteen to thirty minutes after being swallowed. 

Three new secretions, all of which yield an alkaline re- 
action, act immediately upon the food when it reaches the in- 
testine ; they are the pancreatic juice, the intestinal juice, and 

^ W. Beaumont, *' £zi>erimeiit8 and Observations on the Gastric Juice, and 

?J^« Physiology of Digestion," reprinted from Plattsburgh edition, by Andrew 

^ombe, Edinburgh, 1838 ; O. von Grunewaldt, " Succi gastrici humani indoles 

•^^yaic. et chem.," Ac, Dissert. : Dorpati, 1853 ; Ann. Ckem. Pharm,^ vol. xcii. 

^_'*2 : 1854; £. v. Schroder, "Succi gastrici humani vis digestiva," Dissert. : 

J-^*THiti, 1853; F. Kretschy, DeuUch, Arch, /. klin, Med,, vol. xviii. p. 627: 

ISre ; Jul. Uffelmann, Arck,f, klin, Med,, vol. xx. p. 636 : 1877. 

^ W. Boseh, Arch, f, path. Anal, u, Physiol,, vol. xiv. p. 140 : 1868. 
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bfle. By tfi«r means, the chyme, which is the Dame given 
the acid contente i;f the stomach, is gradually neutralized, 
usually presents in the lower part of the intcstioe a reaclioii 
ch may be only slightly acid or even oocasioually alkaline.' 
will first consider the action of the pancreas. 
The PANCREAS is the digestive gland par (^rocUence. Its 
■etion, so far as we know, has no other nction than a 
istive one ; it effects chemical changes in all classes of 
I, and prepares them for abaorptjon. The pnrteids are pqi- 
zed, starch is split up into soluble carbohydrates, the (kts 
■ glycerin and fatty acids. There is scarcely any animal 
ch does not possess a secretion with an action aaaloguiis lo 
-. of the pancreatic juice, whereas a gastric digestion is want- 
in many vertebrates, e. g., many fishes and even the lowest 
nnuls, echidna and omithorj-nchus." The invertebrate.^ 
e neither a peptic digestion nor have tb^' bile. But a 
;ess aDal<^u6 to pancreatic action hatJ been found wherever 
■as been sought.* It can even be recognized in the lowest 
uiisras, the bacteria : a fluid containing bacteria acts on the 
« main classes of foods just like the pancreatic juice. The 
creatic ferments have been found absent only in a few in- 
tual parasites.* This is perfectly clear for (eleolo^cal 
ons : the organisms are always floating about in food that 
becji already digested. 

Before proceeding to consider the modes of action of the 
creatic juice in mammals and in human beings, tt^ethcr 
1 the chemical chnnges which it causes in the three groups 
bod-stuS's by its ferments, we will first state clearly what \& 
wn concerning the nature and character of ferments. We 
e already made use ofthe term 'ferment' on several occasionj^ 
i therefore desirable that we should now consider what cud- 
;ion we are to attach to this word. 

On the resction of the iuleatinal cnntenta «m A. Macfkdrcn, U. Ncnekl, 
N. Sieber, Arch. f. exper. Path. u. Pham., vol. iiviii. p. 319 : 1891. TW 
er literatnre irill be fanad faere. Comptire aUa Schmidt-Ualhein, At SaU 
., p. 66 ; 1ST9 ; and Glejr and Lambling, Jtrvue bivl. du Nard d« la J^itM. 
i.: 1888. [Vaugban Barley. Joum. PkytiaL, vol. iviii.p.2: 18K> ; Hooit 
Bockwood, ibid., vol. iii. p. 58 : 1897.] 
■A. Oppel, Biol. CentralhL, vol. xvi. p. «K!: 1896. 

' Hoppe-Seyler, " I'elier Unleraohiede im chemiicheD Ban and d*r Ter 
ng hoherer und niederer Thierc." Pfluger's Arch., vol. liv. p. 396 : 1877. 
pure also the Dumerou» and rompreheniive woAb on thia iDbjMt \tj F. 
«a in the yean 1874-1877, and the works of FrM^ricq and Krnkuibcri of 
lame time. An acconnC of the literature on the digeatioD of the Icnro 
all bu been given by Krukenberg. " Vergleichend phyuologische Vortri|e." 
"GrundtQge einer vergleichenden Phyiiologie dcr VcrdHunag " : Heidd* 

1882. 
•h-Vrfiiiiivi, Bnllttinidtl'Aead. Rou.df Btlgiqut.tf^r.i.t. %.\v\. No. »^ 
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W« will first restrict ourselves to facts derived from 
observation. Probably no oue has ever seen fermentB. What 
<«n be seen and observed is merely the process of which the 
hypothetical ferment is tlie exciting cause. This process oon- 
^ts, in all coses, in the &ct that a complex compound splits 
tip into more simple ones, while kinetic energj- in the shape of 
heat is set free. Therefore in all these processes pot^tial 
energy is converted into kinetic energy. The atoms pass from 
an unstable into a stable arrangement. Stronger affinities are 
hereby satLslied. To adopt the terminology already defined 
(pp. 34-35), the ultimate cause is the potential energy stored up 
in the oomplex molecule, the effect is kinetic energy, and then 
we have to seek the 'exciting cause,' the 'impetus,' the 
' liberating force.' These are termed fermeuts in nome cases, 
but not in all. What therefore have the liberating forces in all 
these various processes in common, and what distinguishes 
them from each other? This can be clearly shown by a series 
of examples. 

Glyceryl trinitrate, so-called nitroglycerin, splits up into 
carbonic acid, water, nitrogen, and oxygen : — 

2[CH,coNO,),] = eco, + 5U,0 + aN + o. 

A very cousiderable amount of heat is developed. A highly 
nustable atomic arrangement is converted into a stable one. 
The oxygen, which has a very slight affinity for nitrogen but 
K very close affinity for carbon and hydrogen, was in the 
original molecule combined with nitrc^n, but in the smaller 
molecules resulting from the decomposition, is united with 
earhon and hydrogen. The impetus is given by mechanical 
means such as a knock or a blow, therefore by motion, or by 
heat such as a flame, another form of motion. Nitrogen 
trichlorid splits up explosively with great development of 
light and heat into nitrogen and chloriu : — 



NO, + NCI, = N, + CI, + CI, + CI,. 



Here again the unstable atomic arrangement is converted into 
stable one. Stronger affinities are satisfied. For many 
eaeoDS we are compelletl to adopt the conclusion that the 
' elements, in an uncombined state, do not consist of single 
Isolated atoms, but arc united into molecules. The affinity of 
nitrogexi atoms to each other, and of chlorin atoms to each 
other, is obviously stronger than the affinity of chlorin atoms 

I to nitn^en atoms. The impetus to the rearrangement of the 
Btoms is given by some mechanical means or by a rise of 
temperature. lodid of nitrogen, the formation of which is 
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analt^us to that of nitrogeu tricblorid, explodes even more 
readily, if acted upon by certain periodic movements, wave- 
motionu of a definite velocity and wave-length. It may be 
shown that it does not explode on a low-toned, but that it 
does so OD a high-toned plate or string. This phenomenon is 
evidently aualogoua to the resonance of certain elastic bodies 
when struck by waves which proceed from another sounding 
body. This resonance occurs as is well known only with notes 
of a definite pitch. So that we may also imagine that, if the 
vibrations which act upon an unstable molecule have a definite 
wave-length, the atoms of this molecule are thrown into corre- 
sponding vibration, aud this suffices to overcome the slight 
attraction of the atoms to oue another, and thus to produce a 
conversion into more stable compounds. 

The explosion of the nitrc^n tricblorid can also be 
brought about by contact with various substances, such as 
phosphorus, phosphorus compounds free from oxygen, selenium, 
arsenic, some resins (other kinds being inert), non-volatile oils, 
&c. Here too we might imagine that, from the various mole- 
cular vibrations of these substances (which we call heat), we 
get a certain resultant vibration which coincides in wave- 
length with that of one of the constituents of the nitrogen tri- 
cblorid molecule, and so occasions its decomposition. 

Potassium chlorate splits up into potassium chlorid and 
oxygen. The dissociation is set up by the application of heat 
But the rise of temperature need not be nearly so high when 
certain substances are present, such as peroxid of manganese, 
ferric oxid, or cupric oxid. The presence of these substances 
probably so modifies the heat-waves, that the atoms of the 
potassium chlorate are more easily thrown into responsive 
vibrations, and thus decomposed. 

Peroxid of hydrogen decomposes on contact with platinum, 
gold, silver, peroxid of manganese, &c. In these cases 
it is called an effect of contact, or a katalytic effect. We 
can form the following hypothesis of the process which goes on 
here, as in the eases above cited : the substance which acts 
' kabilytieally ' exercises an attraction on one of the atoms io 
the unstable molecule. It does not unite with the atom, but 
the unstable arrangement of the atoms in the molecule is 
altered to a stable one. 

Grape-sugar splits up into alcohol and carbonic acid : 

CHi,0, = 2CO, + 2C,H,0. 
This change can be shown to be accompanied by a rise of t«n- 
perature. This is in accordance with the fact that the heat 
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nf combastioo of alcohol is less than that of the grape-sugar 
from which the alcohol arose. Thus a part of the potential 
*oergy stored up in the sugar is converted through decomposi- 
tion into kinetic enei^, into heat. The atoms of the sugar 
bave passed from a less stable into a more stable arrangement. 
^ixinger affinities have been satisfied. The nature of the 
'•werating force is in this case still unknown. It is known 
uowever that the conversion takes place only if two conditions 
ai^ fulfilled : they are, first, the presence of yeast-cells ; and 
"^coDdly, a certain temperature — from 10° to 40° C. Judging 
*>x>m anal(^y of the examples already given, we should suppose 
'hat here again a form of motion starts the decomposition. 
Tlie motion might proceed from the vital functions of the cell. 
But it is likewise conceivable that certain substances are pro- 
duced in the metabolism of the cell, and that these substances 
act in a similar manner to the katalytie bodies in the ex- 
amples adduced atxive. The yeast-cells are called a ' ferment.' 
Quite recently Ed. Buchner ' lias shown that the presence of 
living cells is not necessary in order that fermentation maj 
take place. He hnely powdered the celts with quartz sand, 
treated them with a little water, and then subjected them in an 
hydraulic press to a pressure of 500 atmospheres. He obtained 
iu this way an almost clear yellow fluid which, on mixture with 
a solution of cane-, grape-, fruit-, or malt-sugar, set up fermen- 
tation within half an hour. When the mixtures were kept in 
the ice-chest, the fermentation lasted a fortnight. It might be 
thought that the expressed protoplasm still possessed some 
vital properties, especially as it has oft«n been found that irag- 
toents of protoplasm may still present certain signs of vital 
activity, such as contraction. In reply to this objection may be 
set the fact obser\'ed by Buchner that the fermentative action 
of yeast-juice is not abolished by the addition of chloroform, 
which, as is well known, inhibits all the vital functions with 
which we are acquainted. 

Cane-sugar splits up into equivalent quantities of dextrose 
tad levulose. Here again there is a development of heat,' and 
■gain the yeast plays a part. But in this case also it is not 
requisite that the cells should be living; an aqueous extract 
from the yeast-cells, killed with ether, is all that is necessary. 
We may assume that the atoms composing any of the molecules 
io this extract are in a state of oscillation, or that dilTerent 
molecules oscillate against each other, and that the resultant of 

Ed. BDchner, Btr. d, dcviteh. ehem. Gtt., to), xix. p. It7 : IS97. Compan 
J. dc Bey-Paillisde. Gmpl. Tend., vol. cxviii. p. 201 : 1894. 
^ A. Kunkel, Pauger's Arch., rol. ix. p. 609 : ISTO. 
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these motions causes the dissociation of the molecules of cane- 
sugar. A theory has been advanced, but not yet verified, that 
the presence of one particular chemical individual in the yeast- 
extract is essential for the initiation of deccnnposition. This fer- 
ment has been termed invertin.^ An account of the attempts 
which have been made to isolate the ferments will be given later. 

Starch-flour decomposes on boiling with dilute acid into 
molecules of grape-sugar. In this reaction the direct proof 
that heat is produced cannot be given. But we must assume 
that this is the case, because the heat of combustion of the 
grape-sugar is less than that of the starch. The impetus to 
the change may be a special modification of the increased molec- 
ular movement due to the heat in presence of the acid; or 
we must suppose that the acid attracts the sugar molecules con- 
tained in the starch molecule, and possibly forms a temporary 
compound which again rapidly breaks up with absorption of 
water. The conversion of starch into sugar is always accom- 
panied by hydration, which is the case in the decomposition of 
cane-sugar, and probably in all similar decompositions. I shall 
return to this point again. 

Starch-flour also splits up at a moderate temperature 
into maltose and dextrin, if it comes into contact with certain 
substances, which are contained in germinating barley or in 
saliva and in pancreatic juice. But in this case the term 
ferments is used as indicating chemical individuals. But these 
hypothetical substances are perhaps merely the conditions 
necessary to start a definite form of motion, which acts as the 
impetus in the decomposition of the starch-molecule. A de- 
velopment of heat cannot be proved when starch is broken 
up by ferments. Maly' even observed an absorption of heat 
This is explicable in the foUoMring way: starch-flour is in- 
soluble, whereas the products of decomposition are soluble in 
water. Heat must be used up in their solution, as is always 
the case in the transit from the solid to the fluid state. The 
amount of heat thus fixed is greater than that liberated by 
decomposition. That heat is set free when decomposition takes 
place follows of necessity from the fact that the heat of com- 
bustion of the maltose and dextrin is less than that of an equiva- 
lent amount of starch-flour. 

Hoppe-Seyler ^ and his pupils^ have shown that formate of 

^ Edaard Donath, Ber. d. deuUeh, ehem, Qt»,y vol. viii. p. 796 : 1875 ; vol. zL 
p. 1089: 1878; M. Barth, ibid,, vol. xi. p. 474 : 1878. 
« Maly, Pfluger's Arch,, vol. xxii. p. Ill : 1880. 

* Hoppe-Seyler, Pfluger's Arch., vol. xii. p. 4 : 1876. 

* Leo Popoff, Pfluger's Arch,, vol. x. p. 113 : 1876. 
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linm^f bj the action of certain bacteria, is split up into carbonate 
of iMJuej carbonic acid, and hydrogen, with absorption of water : — 

M >0H 

X^ X 

^Oi-|-2H0H= ^Ql-f 2Hr=CBC03-f CO,+H,0-f 2H^ 

Hes^t is developed in this process. If the bacteria be killed bj 
edm^T, the decomposition continues. This ferment therefore be- 
ha^v^cs like invertin. Sainte-Claire Deville and Debray * have 
msMle the important discovery that the same decomposition of 
fomiic acid into carbonic acid and hydrogen can be also brought 
about by finely divided iridium, rhodium, or ruthenium, ob- 
tained in a moist condition by reduction. Platinum or palla- 
ditmin produced in the same way had no action. 

We thus see that a living cell, an organic substance, and a 
metal all produce the same effect. 

The decomposition of acetic acid into carbonic acid and marsh- 
gsis is completely analogous to the decomposition of formic acid, 
audi occurs under the same conditions : — 

XH, yOH 

\ii+2H0H= Nca-I- 2CH4=CaOO,+<X),-|-H,0-|-2CH4. 

Heat must again be set free in this process, for the heat of com- 
bustion of ^e marsh-gas is less than that of an equivalent 
unount of acetic acid. 

From all these examples it may be seen that we know 
iM>tJung further concerning the ferments than we do about the 
' fc:«italytic ' substances. Their presence is absolutely essen- 
to bring about that form of motion which gives the im- 
to the transition finom an unstable arrangement of atoms 
ii^'tio a more stable one. We speak of a katalytic effect, when 
tl^^ substance to which this effect is ascribed happens to be a 

^ H. Sauite-Clmire DeriUe et H. Debray, Comp, rend,^ toI. Izzviii. 2, p. 1782 : 
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well-known inorganic compound or an elemoit. If, on the 
other hand, they are unknown organic substances, we speak 
of a fermentative action. There is at present no reason for 
assuming that there is any essential difference between the 
mode of action of organized ferments — living unicellular 
organisms -and non-organized, « unformed' fermenta. We 
may suppose that the process of fermentation is the same in 
boIJi cases; but we know as little concerning Uie action of 
the unformed ferments as we do concerning the organized 
ferments. ^^ 

The decomposition effected by the organized ferments ap- 
pears to take place in the substance of the living cell, and the 
energy liberated by the decomposition is utilized for the vital 
processes of the cell. In favor of this view can be adduced 
the fact that, in the case of alcoholic fermentation, the amount 
of sugar decomposed in the unit of time is inversely propor- 
tional to the supply of oxygen. With a free supply of oxygen, 
there are two sources for tiie production of the kinetic energy 
required for the vital functions : decomposition and oxidation. 
When oxygen is withdrawn, one source is closed, and the other 
utilized die more.^ This &ct is of &r-reaching importance 
for the comprehension of the vital processes in tlie higher 
animals.' 

In all fermentations the decomposition is always accompa- 
nied by hydration, in consequence of which these processes can 
only take place in presence of water. The exceptions to this 
rule are only apparent. Thus in alcoholic fermentation, grape- 
sugar (CgHjjOg) is decomposed injbo 20,11^0 and 2CX)^ appa- 
rently therefore without taking up any water. But we must 
not forget that carbonic acid in watery solution must, like all 
other dibasic acids, contain two HO radicals : — 

C^ =(X),-f-H,0. 

Butyric acid fermentation (C^H^JO^ = C.HX), +2CO, + 2H^, 
and lactic acid fermentation (Cfi^fi^ =s 2C fifi^ also appear 

1 Brefeld, Landw. Jahrb. v, NathuaiuB u, Thiel, Heft. i. : 1874 ; Verkandl, d. 

Wunhurger phyB,'med, GeselUeh,, N. F., vol. viii. p. 96 : 1874 ; Putear, " ttndt» 

Bur la bidre," chap. vi. p. 229 : Paris, 1876 ; Hoppe-Seyler, " Ueber die Einwirknng 

des Sauerstoffes aaf G&hrungen " : Festschrift, Strassburg, 1881 ; Nencki, Arch, 

/. exp. Path, u, PKarm,, vol. xxi. p. 299 : 1886. 

» The fact observed by A. Frankel ( Virchow's Arch,, vol. Ixvii. p. 2SS : 1876), 
that the decomposition by proteid goes on twice as fast in dogs when their sapply 
of oxygen is diminished, is perhaps of a similar nature. Compare also Herm. 
Oppenheim, Pfliiger's Arch., vol. xxiii. p. 490 : 1880. 
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to form exceptions. From analogy with other processes of fer- 
mentation, we most suppose that these processes are also accom- 
panied by hydration. We must refer the reader to the papers 
of Hoppe-Seyler^ and Nencki' for further information on this 
aabjeet. 

Many attempts have been made to isolate the unorganized 
ferments. It is in &ct possible to obtain precipitates from solu- 
tions containing ferments which still retain the characteristic 
fermentative properties. But we have no guarantee that these 
precipitates, which are always amorphous, are chemical entities. 
In the cases in which they have been analyzed, the composition 
has been found closely similar to that of proteids and peptones. 
But we cannot ascertain whether the ferment may not form a 
fraction of the material analyzed, so small as not to influence 
the result of the analysis. 

All ferments are soluble in water ; all may be precipitated 
from their aqueous solutions by alcohol or ammonium sul- 
phate,' and are again dissolved by water after their precipita- 
tion. Most of them are also soluble in glycerin, and may be 
precipitated from this solution by alcohol.^ All the previous 
^Utempts at isolation mainly depend on these properties, which 
^te however conmion to a large number of other constituents 
of the tissues ; so that other means must be found to effect a 
'brther separation. Certain ferments — such for instance as 
pepsin — do not diffiise through animal membranes,^ and all 
have a great tendency to be carried down by neutral precipi- 
fetes.* These properties have also been utilized for the pur- 
pose of isolating ferments. It would lead us too far to give 
detculs concerning all these procedures. I must refer you 
to the observations of Brucke,^ Danilewsky,® Cohnheim,* 

* Hoppe-Seyler, Pfluger's Arch,, toI. xii. p. 14 : 1876. 

* Nencki, Joum.f. prakt, Chem., vol. xvii. p. 105 : 1879. 
'[Invertin appears not to be precipitated by ammoniam sulphate.] 

*• Von Wittich, Pfluger's Arch,, vol. ii. p. 193: 1869 ; and vol. iii. p. 339: 

* Krasilnikow, MedieinUky Wjutnik : 1864. Diakonow gives a short notice 
^*lais work in Hoppe-Seyler's Med, chem, Uniert,^ p. 241. See also A. Schofter, 
^^^^^^Tolhl, f. d, med. Wutenaeh,,^. 641: 1866; von. Wittich, Pfliiger's Arch., 
^^1^- T. p. 443: 1872; Olof Hammarsten, ** Om pepsinets indiffusibilitet," Upsala 
^^^^M.TtfdTenmngM forhandlingar^ vol. viii. p. 665: 1873. 

* Brucke, 8itsunff$ber. d, Wiener Akad., vol. xliii. p. 601 : 1861. A. v. 
5*^^*1. "Beitrage «ur Lehre der Verdauungsfermente des Magensaftes '' : 
^>o«1)at, 1864. 

^ BrCicke, SiUw%g$ber, d, Wiener Akad,^ vol. zxzvii. p. 131 : 1859 ; and vol. 
«l^ti,p.eDl: 1861. 

* Danilewsky, Vircbow's Arch,, vol. xxv. p. 279 : 1862. 

* J. Gohnheim, Virchow's Areh.^ vol. xxviii. p. 241 : 1863. 
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Aug. Schmidt/ Hufner,* Maly,* Kiihne,* Barth/ and O. 
Low.* 

Every ferment develops ite maximum activity at a definite 
temperature. This temperature must be different in the case 
of tiie digestive ferments of cold- and warm-blooded animals ; 
we should expect this on teleological grounds, and it is con- 
firmed by direct observation. By treating the gastric mucoos 
membrane of 'a mammal, recently killed, with dilute HCl (from 
2 to 3 per 1,000), a so-called artificial gastric juice is obtained 
which rapidly peptonizes all varieties of proteid. At an ordi- 
nary temperature this action is mostly very slight, and it ceases 
entirely at about 10° C. At a temperature of 0° C, not the 
least trace of digestion goes on. But Fick and Murisier^ 
found that the artificial gastric juice, prepared from the 
stomach of the frog, the pike, and the trout, constantly exerted 
a peptonizing influence even at 0°. Hoppe-Seyler^ confirmed 
these results. He found that artificial gastric juice of the 
pike digested fibrin more rapidly at 15° C. than at 40^, most 
rapidly at about 20°. A little above 0° the action was slower 
than at 15°, but still very marked. Fick and Hoppe-S^ler 
conclude from these observations that the gastric juice of 
warm-blooded contains a different ferment from that of cold- 
blooded animals. 

Like pepsin obtained from different sources, we find that 
tiie so-called diastatic ferments, which decompose starch, de* 
velop their maximum effects at temperatures which vary ac- 
cording to the source from which these ferments are derived. 
The diastatic ferments of the pancreas and saliva act most 
quickly at from 37° to 40° C; that of germinating barley at 
from 54° to 63° C.» 

When aqueous solutions containing ferments are heated to 
more than 70° C, the unorganized as well as the organized 
ferments are destroyed. The solutions are fi^nnd to be in- 

^ Aug. Schmidt, *' Ueber Emulsin und Legumin/' Dissert : Tubingen, 1871. 

*Hufiier, Jowm, f. prakt, Chem.f vol. t. p. 372: 1872. 

' Maly, Pfluger's Arch,, vol. ix. p. 502 : 1874. 

^ Kuhne, Verhandl. des naturhiit. med. Vereiru au Heidelberg, toI. i.: 1876 ; 
and vol. iii. p. 463 : 1886 ; Kuhne and Chittenden, ZeiUehr, f. Biol., vol. iv. 
p. 428: 1886. 

* Barth, " Zur Kenntniss des Invertins,'' Ber, der deuUeh, ehem. Oet., vol. 
xi. p. 474 : 1878. 

• Low, Pfliiger's Arch,, vol. xxvii. p. 203 : 1882. 

^ Murisier, Verhandlungen derphy$, med, OeselUchaft mu W&nburg, vol. iv«. 
p. 120 : 1873. 

* Hoppe-Seyler, Pfluger's Arch., vol. xiv. p. 3d5 : 1877. Compare alao 
Flaum, Zeitschr. /. BioL, vol. xxviii. p. 433 : 1892. 

• J. Kjeldahl, " Meddelser fVa Carlsberg Laboratoriet E;jobenhayen " : 1 
Maly's Jahreebericht fur Thierchemie, p. 382 : 1879. 
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operative, both at this temperature and also when thev are 
agaiD cooled down. On the other haiid, when in a dry titate, 
the fermeute may be esiwsed to a very high temperature with- 
oat losing their jKiwer. Hiifiier' lieated his drie<l pancreatic 
femait to 100" C. without cauiiiDg it to become ineffectual, 
Alex. 8chmidt' aB<l Salkowski showed that this \i'afi also the 
Msewith pepsin. Salkowaki* heated pepsin to 150° C, and 
panoraitic ferment and invertin to 160° C. for many hours, and 
showed that they were still active on cooling and when mixed 
with irater. It was thought that this would serve as a means 
of distinguishing the unorganized from the organized ferments. 
Bat more recent investigations liave sliown that the pi[>ores of 
certain bacteria can stand a tenijierature of from 110° to 140° 
C. without losing life or power of development.' 

The power of resisting absolute alcohol has also been 
r^nJed as characteristic of unformed ferments, and as di»- 
Iinpiishing them from formed ferment*. But the spores of 
certain bacteria possess even this power. Koch " showed, for 
instance, that the spores of anthrax bacilli could be kept for 
110 days in absolute alcohol without being killed. On the 
other hand, all spores are apparently killed when subjected for 
a long period, say thirty days, to ether — a treatment which has 
not been found to have any effect on the unorganized ferments. 
Pniesic acid, chloroform, benzol, thymol, oil of turpentine, and 
wdium fluorid," are all supposed to act like ether in killing 
the organized, and in having no effect upon the unorganized, 
ferments. 

After these preliminarj' remarks on ferments in general, we 
will now return to the pancreatic juice and its fermentative 
actions. I have already mentioned that the pancreatic juice 
acts upon all the three main groups of food-stuffs. To explain 
these three actions, it has been assumed that there are three 
different ferments, although there is no definite ground for 
sach an assumption. Hiifner,^ in his numerous attempts to 

^ BafatT. Joum. /. prail. CB™,. vol. T. p. 372 : 1872. 

' Alei. Schmidt, CetHralbl. /. d. m*d. Wittenich., No. 29 : 1876. 

■SitlkowBki, Virchow-g Arch., vol. In. p. 158: 1877; and vol. luii. p. 
: 1880. Compare alao Hiippe, MitlMl. d. EaUerl. OtfindKeittamtet, vol. i.: 
l- 

* E. Koch, und Wolffhugel, XiUheil. d. Kaiierl. OmndheiUamla, vol. 1. : 
Ifterlin, 1881 ; Mm. Wolff, Virchow's Areh.. vol, cii. p. 81 : 1886. 

> R. Koch. " L'eber Dieiufection," Miltktit. d. KaiitrL Oaundheittamitt. 
. i.i 1881. 

•M. ArtbilB and Ad. Hutwr. Areh. d. Phytiol., vol. ziir. p. 661: 16M. 
iqX. rend., vol. civi. p. 839: 1894. 

' EuAier. Jburn. /. prakt. Chem.. vol. v. p. 372 : 1S72. For the eiperimeots 
Mlate three diSerent feracnu. lee Duiilewsky, Vircbow'n Arch,, vol. xiv. p. 
: 1862; Lounitier, "Einige Venucbe iiber die Verdauung der Eiweias. 
11 
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isolate the pancreatic ferments, always obtained preparations 
which had the threefold fermentative action. 

With r^ard to the action on carbohydrates, the con- 
version of the insoluble starch flour has been more particularly 
studied. The process of starch digestion is by no means as 
simple as it was formerly imagined. Till quite recently, it was 
considered that starch flour was altered by the digestive fer- 
ments of the saliva and of the pancreatic juice, and by the 
ferment of the germinating barley or diastase, in the same way 
as on boiling with dilute sulphuric acid, when, as is well 
known, starch flour is by a process of hydration completely 
converted into grape-sugar (dextrose), whilst dextrin only oc- 
curs as an intermediate stage. 

But more recent research has shown' that the amount of 
sugar produced forms but half of the entire weight of the 
starch, and that this sugar is not grape-sugar, but maltose 
(C,^„Ojj+ HjO). The remainder is dextrin, and this dextrin 
cannot be converted into sugar by further action of the fer- 
ments. It haj9 also been discovered that there are two varieties 
of dextrin, of which one is colored red by iodin, while the 
other remains colorless. It has been further ascertained that 
a certain carbohydrate, so-called soluble starch, which also gives 
a blue color with iodin, occurs as an intermediate product be- 
tween ordinary starch and the dextrins. Finally, it has been 
found that even the original starch flour is not a chemical entity, 
but that the concentric layers of the starch granule are composed 
of various carbohydrates in difierent proportions. 

korper," Dissert.: Leipzig, 1864; Victor Paschutin, Da Bois' Arch., p. 382: 
1873; Kuhne, VerfumdL d, naturhiH, med, Ver, *u Heidelh,, N. F., Tol. i. : 1876. 
Heidenhain and his pupil Podolinski come to the conclusion that the ferment 
which dissolves proteid does not exist preformed in the pancreas, but is formed 
during secretion from a precursor present in the gland (Pfluger's Areh,t rol. x. 
p. 657 : 1875 ; and toI. xiii. p. 422 : 1876). Compare also Gior. Weiss, Virehow's 
Areh,^ vol. Ixviii. p. 413 : 1876. 

'Musculus, Campt, ra\d,^ vol. 1. p. 785: 1860; or Ann, ekim, ei phy$., t/kr. 
iii. vol. Ix. p. 203: 1860; Compt, rend,, vol. Ixviii. p. 1267: 1869; Yol. Ixx. p. 
857 : 1870 ; vol. Ixxviii. 2, p. 1413 : 1874 ; Ann, ehim, et pky$,^ wlbr, y. vol. ii. p. 
385 : 1874 ; Payen, Ann, ehim, et phya,, s£r. iv. vol. iv. p. 286 : 1865 ; L. Contaret, 
Compt, rend,y vol. Ixx. p. 382 : 1870 ; Aug. Schwarzer, Jowm, /. praki, CKem,, 
N. F., vol. i. p. 212: 1870; E. Schulze u. Marker, Dingler's PolyttehnUcktt 
Joum.y vol. ccvi. p. 245 : 1872 ; Brucke, SitxungabericfUe d, Wiener Akad,, vol. 
Ixv. part iii. p. 126 : 1872 ; C. O'Sullivan, Joum, of Chem. Soe,, ser. ii. vol. x. p. 
579: 1872; E. Schulze, Ber, d, deuUeh, chem, Ges,, vol. vii. p. 1048: 1874; 
Nageli, *' Beitrage zur Kenntniss der Starkegruppe " : Leipzig, 1874 ; O. NasK, 
Pfluger's Arch,t vol. xiv. p. 473: 1877. Musculus und v. Meiing, ZeiUehr, f, 
physiol. Chem., vol. i. p. 395: 1878; and vol. ii. p. 403: 1878; Musculus and 0.^ 
Gruber, ZeiUchr, f, physiol, Chem., vol. ii. p. 177 : 1878. Compare also the 
view of works by v. Mering, Du Bois' Arch,, pp. 389-395 : 1877. 
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The final products of the decomposition of alarch are, at 
anj rate, different in tlie living organism to those produced by 
artificial digestion outeide the body ; the starch appears to be 
completely converted into grape-eugar. Even in long-con- 
tiDued artificial pancreatic digestion of starch, grape-sugar 
(dextrose) always occurs tt^etlier with maltoee.' Maltoae and 
deitriD cannot be found in the blood and in the tissues,' and in 
ibe ease of diabetic patients, who are unable to destroy the 
Qirbohydratfs, grape-sugar alone appears in the urine afl«r 
starch has been eaten. 

We know as little concerning the changes that cellulose 
undergoes in the intestine as we dit concerning the fate of 
deitrin. Outside the body, cellulose is neither altered by the 
pancreatic juice nor by any other digestive secretion. But, 
as s &ct, a lat^ portion, as we have already seen, disap- 
pears in the intei-tine. I imagine that it is a fermentative 
Ktion which enables the epithelial cells of the intestine to dis- 
solve the cellulose, and perhaps also to convert the dextrin into 
sugar. This power has frequently been ob6er\'ed in unicellular 
bodies. I may refer to the behavior of the Vampyrella, which 
W already ijeen described (p. 3), and which dissolves the 
cellulose wall of the algie, A few authors have adopted the 
view that the cellulose is not made use of in our body at all as 
food, but is split up by parasitic bacteria in our intestines into 
carbonic acid and marsh gas. That such a decomposition of 
cellulose by bacteria does take place has been incontestably 
proved by Hoppe-Seyler's experiments,' which render it prob- 
able that it also occurs in the alimentary canal.' But it is 
doubtful whether all the cellulose that disappears in the ali- 
mentary canal is split up in this manner.' 

The pancreatic juice exercises a fermentative action on 
FATS similar to that on carbohydrates ; decomposition takes 

> UdbcuIiu und v. Mering. Zeifchr. /. phyiol. Chen., vol. ij. p. 403 : 1879 ; 
Horace T. Brown and John Hutiti. Leibig'a Anna!,, pp. 304, 228 : 1S80. 

■ IntimutioQ of the occnrrencp of colloid carbohydratea ia Ihe bluod of the 
porWl vein may Ik foDod in t. Meripg'a paper, Du Baia' Arch,, p. 413: 1877; 
iDd in another by A. M. Bleilc, Du Boi«' Arch., p. 70 : 1979. Bui only very 
nnall qnantitiea are eoncernFd, and perhapi even Ihese only ocpur occasionally. 
BleUc'a eiperimenU prove Ihat Ihe chief part of the deitrio Is eonrerted into 
■Dfiar, aa he obaerred that, after an exclusive di?t of dextrin, the amount of sngar 
in the portal blood increasca. 

' Hoppe-Sfvler, Btr. d. devUeh. chaa. Get., vol, ivi. p. 122: 1883; and 
Zeittehr. /. phftiot. Chrm., vol. x. p. 404: 1886. 

* H. Tappeiner, ZeiUchr. f. Biolog., vol. ix. p. 62 : 18S4 ; and vol. iiir. p. 

"Compare H. Weiake, Chtm. CaUralU., vol. xv. p. 385: 1884; Henneberg 
and Stohmaon.ZnMeAr./.fiuiJop., vol. ixi.p. SIS: 1885; F. Lehmaon, Jimm. 
/. LattdtB.. vol. zziTU. p. 351 : 18S9 : Alf. HtJlevre, Pfliiger'a Arch., vol. zlix. 
p. 4e0: 1881; 'laaU.ibid.. vol. xlll. p. 477: IS91. 
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place with hydration. The &ts are well known to be com- 
pound ethers, combinations of a trivalent alcohol^ glycerini 
with three molecules of monobasic acids, principally stearic 
acid, palmitic acid, and oleic acid. Beside which, certain &ts 
contain small quantities of volatile fiitty acids, such as butyric 
acid in the £iis of milk. By the action of Ihe pancreatic 
ferment, the fiit molecule takes up three molecules of water, 
and splits up into glycerin and into three molecules of &tty 
acid. This action of the pancreatic juice was discovered by 
Bernard.^ How large a portion of the &ts is thus broken up 
in the intestine cannot be stated, but it is probably a very smaU 
one. For the decomposition of fiits, at least in experiments on 
artificial digestion, goes on very slowly, whereas the absorption 
of fiite proceeds very rapidly. But it is quite sufiBcient if only 
a minute part of the &ts is split up, for the whole amount 
of &t is therd>y rendered capable of being converted into a 
fine emulsion, in which form it passes through the intestinal 
wall. 

The emulsification of fiits is brought about in the following 
manner. It is well known that the neutral fiits can only be 
saponified, ». e., split up into glycerin and salts of fiitty acids to 
form soaps, by firee alkalies. Carbonates of the alkalies have 
no action on neutral fiits but only on firee fatty acids ; the 
carbonic acid is driven out of the salts by the stronger acid, 
and a salt is formed by the combination of the fiitty acid with 
alkali. Fatty acids and neutral glycerides are intimately 
miscible in every proportion. In such a mixture of fiit and a 
small quantity of fisitty acid, the molecules of the fatty acid are 
thus always to be found among the molecules of the neutral 
glycerids. If a solution of carbonate of soda act upon this 
mixture, a soapy solution is formed everywhere between ihe 
molecules of the neutral fats. By this means the whole mass 
of fat is immediately converted into a fine emulsion of micro- 
scopically small drops. Perfectly fresh neutral fiit cannot be 
emulsified by a solution of carbonate of soda. If, on the other 
hand, rancid fiit be taken, t. e., fat in which a part of the hUy 

^ Bemard, Ann. de C%tm. et de Phynque, abr, iii. t. xxy. p. 474 : 1S49. Com- 
pare also Ogata, Du Bois' Areh.t p. 515 : 1881. According to this inyestigation, 
which was carried out in Lud wig's laboratory, the decomposition of the &ts be- 
gins already in the stomach. Marcet had previously come to the same conclmioii 
{Medical Timei and Oa*eUt^ new ser., vol. xvii. p. 210: 1858). The decomposi- 
tion of &t8 in the stomach is probably effected, not by an unorganiied ferment 
of the gastric juice, but by putrefactive organisms. The cause of the decompo- 
sition of &ts in artificial pancreatic digestion has been so interpreted. But 
Nencki's latest exi>eriment8 {Arch. /. exper. Path, u. P/iarm., vol. xx. p. 373 : 
1886) show that the pancreatic ferment decomposes as much fat if ph«Dol be 
present as if there were no antiseptic. 
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has already been set free by the action of putrefactive 
fcrments, or if a amall amount of free fatty acids be added to 
file neutral fat, the emulsdun is at once formed. When rancid 
oil is poured on to a dilute solution of sodium carbonate, the 
t*o layers of fluid combine directly they are gently shaken, and 
Ac whole is converted into an opaque, nniform, and milky- 
looking liquid. Under the microscope the fat is seen dLstributed 
in minute drops. 

There are other alkaline salt solutions which can, like the 
carbonates of soda or of potash, combine with free fatty acids 
to form soaps. Such, for instance, is the phosphate of soda 
wJtfi the formula Na^HPO,. This salt with tatty acids gives 
soap and acid phosjihate of sodium, NaH^PO^. As we shall 
soon see, the bile, which contains alkaline salts, acts in a 
a'milar manner on fatty acids.' The emulsions, which are 
fcrmed by means of bile, are however very temporary. 

Carbonate of soda is contained in the pancreatic secretion, 
fcr the analysis ' of the ash shows that the secretion contains 
Btore sodium than is necessary for the saturatiou of the strong 
mineral acids present. Two weak acids divide the remainder 
imong themselves: protcid and carbonic acid. The intestinal 
juice is likewise very rich in carbonate of soda, as we shall soon 
By the action of these alkaline secretions the iat is 
mulsified in minute particles which, as previously described 
(p. 164), are passed on to the commencement of the chyle- 
Tessels by the active intervention of the epithelial cells. 

The mechanism of fat absorption is not however entirely 
nplained by the above-meJitioned facte. Some other unknown 
pirt must be played by the pancreatic juice in this process, 
ibce after extirpation of the pancreas in dogs the absorption 
o[ &t is entirely aboli'^hed, although the greater part is split up 
into fetty acids and glycerin, probably by bacterial putrefaction. 
All the fat eaten by the dogs can be recovered from the feces, 
partly unchanged, but for the most part as free fatty acids and 
soaps. If some pig's pancreas be given to the dc^s along with 

' The emQlsifying x^tloa of alkftliav ult solutionB has long ]>eea knowD tu 
iBhutuU cbemisU; it ia practically employed in dyeing articlm Torkey red. 
IfsrtTi Tu the firet lo draw attention to its phyaiolopcftl bearing {Medical 
^mtiand GaieUt, new wr., vol. xvii. p. 209: 185S). Also Brucke, SUrangtber. 
i Wftncr Ahid. MatK.-nal. Clattt, vol. Izi. part ii. p. 362 : 1870. Compare alio 
•'■SiMiier. Du Boii' .JrcA.. p. 286: 1874; Joh. Gad, ilnd., p. 191: 1878; Oeorg 
5»>ncke. Pfluger'l Arth., yo\. xU. p. 129: 1879; and Mai v. Frey, Du Bols' 
■'t*.. p. 382 : 1881. 

• Bidder and Schmidt. " Die VerdaaongMafte a. der Stoffweohsel," p. 245 : 
''tea and Leipiig, 1S52. The sulphuric acid fpven in the analjrBis must not be 
''^eri into eonsidention, because it vas produced from the snlpbDrorthe pro- 
WJ" only in ii * 
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the faty a portion of the latter is absorbed.^ Moreover, Claude 
Bernard has already shown that a pancreatic emalsion differs 
from other emulsions in that it is not destroyed by a slightly 
acid medium. 

It now only remains to consider the action of the pancreatic 
secretion on the third main group of food-stuffs, the proteidb. 
By the action of the pancreatic ferment, as well as that of the 
gastric ferment, the proteids lose their colloid character ; they 
become diffusible,^ and are no longer coagulable; Ihey are 
converted into peptones. The gelatin-yielding substances 
undergo a similar alteration ; they become dissolved, and the 
solutions lose the power of forming a jelly in the cold.' 

The peptonizing action of the pancreatic juice was for a 
long time doubted, until Corvisart ^ decided the matter in Ihe 
affinnative. Kuhne, who was present at Corvisart's experi- 
ments, afterwards carried out a series of exhaustive experi- 
ments on the subject in Grermany.^ Kuhne obtained the 
secretion from eleven dogs with a temporary pancreatic fistula, 
and he found that ''amazing quantities of boiled fibrin and 
proteid were dissolved by the juice without any trace of putre- 
faction, in from half an hour to three hours, at a temperature 
of 40^ C, so that the larger portion was converted into a sub- 
stance not coagulable at boiling heat, which was readily dif- 
fusible through v^etable parchment.'^ 

When a fresh pancreas was cut up into small pieces with 
scissors, mixed with a large quantity of fibrin and water heated 
to 40^ C, and left to stand from three to six hours, the 
gland disappeared with the fibrin, leaving but a trace behind. 
The reaction afler complete solution was alkaline. Only a 
small portion of the decomposed proteid could be precipitated 

'M. Abelmann, "Ueb. d. Ausnutzong d. Nahmngsstoffe nach Pankreai- 
exstirpation.'' Diasert. : Dorpat, 1890. Compare also Vaughan Harley, Joum. 
PhynoLf vol. xviii. p. 1 : 1895 ; E. H^on and J. Ville, Arch, d, Phyiiol., p. 
606 : 1897 ; and HMon, t&u2., p. 622. [It shoald be mentioned here that, accord- 
ing to most authorities at the present time, the greater proportion at any rate of 
the fat is absorbed by the intestinal wall, not in a particulate condition but in so> 
lution, either as fatty acid or as soap. The chief function of the bile seems to be 
to act as a solvent of these two classes of bodies, and therefore as a carrier of 
them into the intestinal mucous membrane, where they, with the glycerin, are 
recombined to form neutral fats.] 

' The proofs of the power of ready diffusion possessed by peptones hare been 
disputed. See von Wittich, Berliner klin. Waehensehr,, No. 37 : 1872. 

' See Fr. Hofmeister, Zeitschr. f. physiol. Chem.^ vol. ii. p. 299 : 1878. 
account of the older literature will also be found here. 

^ Corvisart, *' Sur une fonction peu connue du pancreas ; la digestioD d 
aliments azot^es," Go*, hebdom., Nos. 15, 16, 19 : 1857. 

» W. Kiihne, Virchow's Arch,^ vol. zxxix. p. 130 : 1867. 
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y acetic acid and by boiling.' The solution, when filtered, 
was concentrated at from 60° to 70° C to one-flixth of its 
' Toliune and mixed with 95 per cent, of alcohol. This precipi- 
tated the peptones in flocculent mae^es. When the filtered bo- 
iution was concentrated and cooled down, tjrosin first separated 
out in crystals ; then, on further concentration, leucin crystal- 
liied out, iu clumps — " leuciu cones." 

382 parte of dried fibrin and 14.2 parte of dried pancreas 
jiel<)ed — 

1 1.0 and)B»olved remainder 1 r™ = 
42.0 coiigiilBted proteid f tw-o 
211.2 peptone 1 



211.2 peptone 1 
13.3 tyroBin J2i 
31.6 leuoin J 



3.7 (lieaolved proleid. 



» 



FtJiB this it appears that 100 parts of fibrin gave 61 of jtep- 
toQe, 3.9 of tyrosin, 9.1 of leucin, and 26 of products that we 
*^ at present unacquainted with.' 

It might be supposed that the amido-acids, leucin and 
^yiDsin, are not split off from the proteid molecule by the 
Action of a pancreatic ferment, but by the fermentative action 
'^f pntrefective oi^nisms. The pancreas and its juice are 
®*ibstanceH eminently prone to putrefaction, and the alkaline 
•"taction is favorable to the development of putrefactive or- 
%aaisms. It is this liability to putrefaction which makes it 
^ much more difficult to carry out experiments on artificial 
fnncreatic digestion that on gastric digestion. We know, in 
&ct, that peptones and amidt^acids are formed from proteids 
by the action of putrefactive oi^nisma. But Xiihne meets 
this objection by experiments,* which were carried out with 

> For lui account of (he globnlin, acid albumin, parepeplone, propeplane, 
albamoMB. &e., which ocenr in the coaversion of proteid into peptone, both in 
pancreatic and giulric digestion, >ee Meluncr, ZeiUchr. /. rat. M^., III. Reihe. 
Tol. Tii. p. 1 : 1S<<9 ; Brucke, SiUiingiber. der Wiener Akad., vol. xxxvii. p. 131 : 
1^9 ; Kiihoe and Chittenden, ZfiUehr. f. JHolog., vo]. iix. p. 16» : 1683 ; vol. 
II. p. II: 1884; vol. xxii. p.400: 1886; R. Herth. Monatthe/tr. f. Chtm., tol. T. 
p. 368: 1884: Kuhne, Fcrhandl. d. not. mtd. i'ertiru lU Stidflb., N. F., vol. iii. 
P.XS6: ISS5; Schmidt-MiUheim, Du Boi»' Arch., p. 36: 1880; Hans Thierfelder, 
ZMUcAr. /. phy*iot. Chem., vol. x. p. 577 : 1886 ; B. NeameUter, ZtiUeKr. f. 
Biolnff., Tol. xiiii. pp. 381, 402: 18S7 : and " Ueb. d. nacbste Einwirli. gei- 
pBDDter Wanerdnmpre auf Prote'ine," &e.: MilDcheD, 16S9; £. P. Pick, " Zar 
Keantuiu d. pepIiKhen Spaltungaprodukle dei Fibrina," Ziiltehr. f. phyiiol. 
CAetn., vol. iiviii. p. 219 : 1699, 

■ [Among these product* are to be found the same substances ma those which 
ooiMir in the disintegration of proteids b; strong acids, e, ff., glutamic and aspartic 
acids, as well as the bexone bases, argenin, Ifsln, and histidin.] 

' Kabne, Verhandl. d. nalurhiltor, mtd. Venint lu Stidelb., N. F., vol. i. 




168 LECTUBE XI 

the use of salicylic acid as an antiseptic. He showed that 
concentrated salicylic acid, while arresting llie development of 
putre&ctive germs, does not inhibit the action of the pan- 
creatic ferment, and that amido-acids are still formed und^ 
these conditions. 

Kiihne is of opinion that amido-acids are also formed in 
the intestine of living animals. He tied the intestine of a live 
dog above the entrance of the pancreatic duct, and again four 
feet lower down, introduced canulse at the upper and lower ex- 
tremities of the intestine he had tied, and passed a stream of 
water heated to 40^ C. through it until it was quite clean. 
Fibrin was then put in the piece of intestine, and the wound in 
the abdomen was closed. The dog was killed after four hours, 
and the piece of intestine cut out. Among the contexts were 
found peptone, tyrosin, and leucin. 

It may be d priori doubted on teleological grounds, 
whether under normal conditions the amount of amido-acids 
formed in the intestine is a large one. It would be a waste 
of chemical potential energy, which would serve no purpoee 
when converted into kinetic energy by their decomposition, 
and a reunion of the products of such a profound decomposition 
outside the intestinal wall is highly improbable. And indeed 
Schmidt-Mulheim,^ in numerous experiments on the intestinal 
contents of dogs fed on meat, could find only traces of amido- 
acids or else none at all. In the same way Nencki found 
neither leucin nor tyrosin in the intestinal contents obtained 
from the fistula of the lower end of the small intestine in the 
case previously mentioned.* 

On boiling proteids with dilute acids and alkalies, peptones 
again appear at first, and amido-acids later on. 

We will now inquire into the nature of the process by which 
proteid is converted into peptone. 

As peptone occurs as an intermediate stage in the forma- 
tion of such decomposition-products as amido-acids from 
proteid, it may reasonably be imagined that the peptones are 
the first immediate products of decomposition. This view is 
further confirmed by the analogy of fermentative action and of 
the action of acids and alkalies on complex organic compounds 
of known composition. In all these processes disint^ration 
is accompanied by hydration. The same pancreatic ferment 
which, accompanied by hydration, splits up the &ts into 
glycerin and fisttty acids, and starch flour into dextrin and 

^ Schmidt-Mulheim, Da Bois' Arch., p. 39 : 1879. 

'Macfadyen, Nencki, and Sieber, Areh, /. exper, PoUh. u, Pharm., vol 
xxYiiup. 323: 1891. 
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•ogar — thiH same ferment also changes the proteida into pep- 
tones. What is nirti-e natural than to conelude that the pep- 
j tones are also formed from the pmteida by a prrrcess of decom- 
^t position accompanied by hydration? 

^M It is a very ^uctive theor\' tii assume that the colloid and 
^P insoluble proteids are polymeric products of the soluble pep- 
" tonw, just as the colloid and insoluble carbohydrates, such us 
gl7«)gen, gum, starch, or cellulose, are polymeric products of 
I the soluble sugars, and that the peptone molecules after absorp- 

tlioii are again combined into proteid molecules, just as the sugar 
molecules are united to form glycogen in animal tissues, or 
flarch and woody fiber in vegetable tissues. But it must be 
remembered that this theory ia only based upon analogy. At 
present nothing certain is known about the nature of peptones. 
It is not known whether the peptones are decomposition-prod- 
Dcis of proteid, or even whether the decomposition-products 
thetnfielves are alike or differ from each other, or whether the 
peptones have arisen from proteid either by a rearrangement of 
■loms without alteration of the size of die molecules, or by 
hydration. 

In experiments on the composition of peptones, the error 
has always been made of using impure material. The proteid 
«iif)sen for the production of peptone has generally been the 
fibrin of the blood (compare Lreture XIV.). We do not know 
bow many different proteids there are in the coagulum of 
fibrin ; but we know for certain that the uuclei and remains of 
the broken-up leucocytes, aa well as whole leucocytes and the 
9tn»uata of red blood-corpuscles, are all contained in this coag- 
ulum. This method of subjecting a conglomeration of sub- 
stances and organisms to elementary analysis, and of after- 
firds comparing the result of the analysis of a mixture of the 
products of our experiment, can lead to no satisfactory conclu- 
sions. But this is the type of some of the most exact work 
11 peptone,' Now that we are in a position to produce crys- 
talline proteid compounds, all experiments on the composi- 
tJon of peptones which are made on other material are utterly 
worthless. 

As it has not been found possible to crj-stallize the peptones 

'niTa their solutions, or to produce compounds capable of erya- 

tttllization, or even compounds of constant composition, Maly ' 

**** adopted the method of fractional precipitation, in order 

£^ decide the question whether the peptone solution, obtained 

^p**oa the blood-fibrin by artificial pepsin digestion, contains 

L 
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a single peptone or a mixture of different peptones. Malj 
treated the clear and highly concentrated peptone solution 
with strong alcohol, until a portion of the peptone separated 
out in flocculent masses (fraction 1); the filtrate was again pre- 
cipitated out with alcohol (fraction 2) ; and, finally, the remain- 
ing alcoholic solution was evaporated to dryness (fraction 3). 
If the peptone solution contained several different peptones, we 
should expect to find that the various fractions possessed a 
varying composition ; for we cannot assume that the different 
peptones have the same power of dissolving in dilute alcohol. 
Maly found that the figures were so nearly the same in the ulti- 
mate analysis of his three fractions, that he came to the con- 
clusion that only one peptone was formed. Maly's pupil, 
Herth,^ came to the like conclusion, from experiments carried 
out on the same principle with solutions of peptone obtained 
from ^g-albumin. 

Maly's and Herth's figures have not convinced me of the 
justice of this conclusion. It is particularly to be regretted 
that, in the ultimate analyses, the amounts of sulphur in the 
fractional precipitations were not determined. We should most 
readily have expected to see a difference in the amount of sul- 
phur. If we r^ard the proteids as compounds of the pqp- 
tones, we must assume that there are several peptones, some 
rich and some poor in sulphur, or else some containing sul- 
phur and others without any sulphur, for the reason that the 
amount of sulphur in llie different kinds of proteid varies so 
remarkably. But if, on the other hand, we do not r^aid 
the peptones as produced by the splitting of the proteid mole- 
cule, we must assume as many different peptones as there are 
proteids of varying composition. There are, at any rate, sev- 
eral peptones. A. Kruger ' has recently made analyses of pro- 
teid and peptones, in which he has bestowed especial care 
upon the estimation of sulphur ; but unfortunately, instead of 
using pure material, he employed fibrin and egg-albumin. The 
latter, like the proteid of blood-serum (vide Lecture XIV.), is 
a mixture of at least two different kinds of proteid, a globulin 
and an albumin. 

The quantitative estimates of the amounts of carbon, hy- 
drogen, and nitrogen in the purest of the peptone prepara- 
tions hitherto made, have always given figures which are 

^ Robert Herth (Maly's laboratory in Qraz), ZeiUehr, /. phytiol. CKem.^ toL 
i. p. 277 : 1887. Compare also A. Henninger, ** De la nature et du r61e phyno- 
logique det peptones": Paris; Compt. rend., vol. Izxxvi. pp. 1413, 1464: 1878. 

' Albert Kruger, Pfluger's Areh., vol. xUii. p. 244 : 1888. This paper ooa- 
tains a summary of the earlier literature on the amount of sulphur in the Taiiovt 
kinds of proteid and the different ways in which sulphur is combined. 
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within the limits between which the oomposition of proteid 
virieB.^ 

Whether all proteid, in order to become absorbed, must be 
previously peptonized, or whether a part is taken up unaltered ; 
whether the peptones are again reconverted into proteid after 
abwrption, and where this conversion takes place ; — are ques- 
tions whi<di will be treated more in detail in Lecture XIII., 
after we have become acquainted with the parts played by the 
remaining digestive secretions, the intestinsJ juice and the bile. 

ifhe dirergence in the results- recently obtained by Kuhne and Chittenden 
•wiiti ftirther investigation {ZeiUehr, /. Biolog., vol. xxii. p. 423 : 1886) . It was 
attempted to obtain ftirther insight into the natare of peptones by comparative 
experiments on the optical characteristics of the proteids and peptones, on their 
iiftietiTe power, and their behavior towards polarized light. But these inves- 
tigitlQiDS have not led to any unanimous or conclusive results (see J. B^hamp, 
OmpL rend.f vol. xeiv. p. 883 : 1882 ; A. Poehl, " Ueber des Vorkommen u. die 
Bildong des Peptons ausserhalb des Verdauungsapparates u. uber die Ruck- 
Uldang des Peptons in Eiweiss," Dorpater Dissert. : St. Petersburg, Rottger, 
1882; and Ber. d. deuUeh, ehem, Oti., p. 1152: 1883). The fact observed by 
DsnUevski, that the heat of combustion of the i>eptone8 is less than that of the 
protddi {CentrcUbl. f. d. med, Wistenteh,, Nos. 26 and 27 : 1881), can also be in- 
terpreted in several ways. This &ct agrees with the decomposition hypothesis 
jmttt weU as with the theory that hydration is the essence of peptonization. It 
htt been, moreover, quite lii^y noted that the peptones could be reconverted 
into prateids by the action of ddiydrating agents. But all these statements bear 
the character of preliminary communications. They are not therefore suitable 
Ibreritieal discussion in a text-book. See Henninger, Compt, rend,, vol. Ixzxvi. 
p. 1464: 1878; Hofmeister, ZeiUehr,/, phywioLChem,, vol. ii. p. 206: 1878; and 
Tol. ir. p. 267 : 1880 ; Danilewski, Centralbl. f, d, med, Wiuenaeh,, No. 42 : 1880 ; 
SehmidtpMulheim, Du Bois' Arch., p. 36: 1880; A. Poehl, loe. eit., and Ber, d, 
inUiek. cKem, Oes,, p. 1355 : 1881 ; p. 1163 : 1883. Compare also O. Loew, Pfluger's 
ifv4., vol. xxxi. p. 405 : 1883 ; and R. Neumeister, Zeittchr, f, Biolog,^ vol. 
zziii.p.394: 1887. 
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Thiby/ by his bold vivisectioiiy was the first to obtain an 
examine the intestinal juice, the secretion of Lieberkuhn 
glands, in a pure state. Thirj opened the abdomen of dog 
after they had fested for twenty-four hours, by an inciaon 
the linea alba. A coil of small intestine was drawn oat^ ai 
a piece from 10 to 15 cms. in length was resected witfaoi 
injury to the mesentery. The edges of the two ends of tl 
intestine were sewn together in the usual way. One extd of tl 
resected piece of intestine was closed willi crossed sutures ai 
replaced ; the other end, left open, was sewn into the abdomin 
wound. Although Thiry did not treat the wound antisepticall; 
he succeeded in preventing peritonitis in a few cases, and i 
getting the wound to heal quickly. In from two to five da: 
the animals could again receive food into llieir shortened intf 
tine, and remained in good health for months. Quincke' ) 
repeated these experiments several times ; one of the dogs < 
perimented upon lived for nine months after the operation, ; 
died from an accident. An abundant secretion of intest' 
juice was brought about in this isolated piece of intestine 
mechanical and chemical stimulation, especially by acids, 
juice was readily obtained for examination by puttin/ 
small pieces of sponge, which were removed aft;er a time 
squeezed out. 

To llie obvious objection that a secretion thus obtaine 
not normal intestinal juice, Thiry and Quincke replied wi 
following ai^uments: 1. The ^crosJpic examLtion 
intestinal wall showed no changes in its histological sti 
as a whole, or in Lieberkuhn's glands, even several i 
after the operation. 2. The circulation in the mesentf 
the innervation did not appear to be disturbed; thi 
mechanism was maintained. 3. Intestinal parasites cc 
to live in the isolated piece of intestine : a Nematode and 

* Thiry, SiUungsber. d. Wiener Akad., vol. 1. p. 77 : 1864. 

* H. Quincke, Da Bois' Arch., p. 150 : 1868. Compare also Leabe 
f, d, med. Wiuemch., p. 289: 1868. 
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^^^^^^K ^c Utter of which from tiine to time cast off ripe 
^^^^^^Hk This last argiunent is rendered conviacing by the 
^^^^^^pK these creatures exint oaly uoder certain eondition.s, and 
^^H^^moBt kinds of intestiDal worms live only in certain portions 
^^M of the alimentary canal of definite ouimal tipecies. 
^^U Tbe Becretion obtained from the isolated piece of intestine 
^^1 proved to have no action on any of the three main groups of 
^^M dtpaic food-etuffg; fats and starch flour remained unaltered. 
^^1 Of tlie protcids, according to Thiry, only the blood-fibrin was 
^^M disHtlved, but no other kinds of proteid, such as bits of meat 
^^m or coagulated egg-olbimiin ; gelatin did not lose ite power of 
^^1 gelatioiziDg. Quincke could not even confirm the action of 
^^M ih« eecretioQ upon fibrin; he found the intestinal juice quite 
^^M inBclive on all food. Lehmanu' also came to tlie same con- 
^^1 clusionii, when he examined the secretion from an isolated piece 
^^M of goat's intestine. Many further experiments on artificial 
^^B digistiou have been carried out with extracts from the intes- 
^^M tinil mucous membrane of various animals. In these experi- 
^^B moitf there was either no action U) be observed on any article 
^^m o{ diet, or a very slight one only on boiled starch flour, when 
^^M Kigar was formed. But no importance should be attached to 
^^P tJie Inst results, as a ferment with a slow action upon boiled 
^" ttarch may be extracted from every tissue. 

Lastly, Demant ' has more recently made experiments on 
'^e action of the intestiDal juice in human beings. Demant 
"tt«J the opportimity of collecting pure intestinal juice from the 
'oHer portion of intestine, in a case of artificial anus after 
■lemintiimy, which occurred in Leube's hospital-practice in 
fc-i-Jaiigen. A part of the intestine bulged out like a sausage 
'Tim the fistulous opening (of which there were two) belonging 
^* tie lower portion of flie intestine. Usually but little juice 
t*02ed out of this opening ; the supply was however abundant 
*ftcr meals, and could be collected in a glass beaker which was 
he-Id undcrufath without touching the intestinal mucous mem- 
'^mne. In this manner, from lr> to 25 corns, of the secretion 
^vere obtained in the course of one day. J"he secretion thus 
oovorrcd without any direct chemical or mechanical stimula- 

'K>rl B. Lebmann, PR0gtr'8^raA,,Tal. zxxiii. p. 160: 1884. Compare also 

J. Wrai, Zrittckr. f, Biolog.. io\. xx\i. p. 1 : 1R86 : Fr. Frtgl. PBilget'e Arch.. 

^ul.liL p. 359: 1S95. L. Veils obtaineij different rvsiillB on repeating Thiry 'a 

txpuimcDl* on dogs (Moleechott'ii Unl. lur SaluTlthri. Ac, veil. lili. p. 40 : 

1«»11; be fonnd Ihst the juice acled on all the main groupg of food-stufli. This 

^^ •linrgiDi:* of (ipininn does not ac }iet admit of explanntion, 

^^^ 'Bcmh. Dcmanl, Virchow'e Arch,, vol. ixxv. p. 119: 18TS. Compare the 

I^B sWmtion (if a aimilBr ewe by H. Tubbr and T. D. Manning, Oufft Hotp. 

^H itsru, p. 3T1 : IS92. 
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tioQ of the maooos membrane^ merely fix)m the normal reflex 
irritation, which proceeded fix)m the upper portions of the 
alimentary canaL It is therefore probable that Demant really 
obtained the normal secretion, and not an inflammatory tran- 
sudation of mucous membrane, brought about by abnormal 
irritation. 

The intestinal juice of man, experimented upon by Demant, 
appeared to produce no change in any form of proteid, nor in 
fibrin and fitts. It had a very slight action on boiled starch, 
which in numerous experiments never occurred till five hours 
had elapsed, at from 36® to 38® C. No trace of sugar could 
be detected before this time had passed. 

If the intestinal juice has no action upon food, of what im- 
portance is it? Will not its chemical composition enlighten us 
here? Quincke found that it contained remarkably little of 
any oiganic constituents; in &ct^ only 0.5 per cent., which 
was chiefly proteid. Thiry found somewhat more. Both in- 
vestigators agree that the amount of inorganic salts was 0.9 
per cent.; among these carbonate of soda is the chief. Both 
Thiry and Quincke remarked that the intestinal juice effervesces 
on the addition of acids, and the same thing has been noticed 
by Demant with the human secretion. 

The importance of the intestinal juice lies undoubtedly in 
the large amount of carbonate of soda it contains. Its functioa 
is to neutralize the acids of the intestinal contents, and to 
emulsify the fats with the surplus carbonate of soda (compare 
above, p. 165). It has to supersaturate not only the hydro- 
chloric acid of the gastric juice, but also the acids, sometimes 
existing in far larger quantities, which arise from the butyric 
and lactic acid fermentations. The rapidity of the passage of 
the carbonate of soda through the intestinal wall must there- 
fore be proportionate to the acidity of the intestinal contents. 
For as soon as the carbonate of soda became over-saturated, 
the absorption of fat would necessarily be at a standstill [as- 
suming that emulsification is a necessary preliminary to ab- 
sorption] . This is prevented by reflex mechanism, lliiry and 
Quincke observed that, on stimulating the intestinal muooos 
membrane with acids, the secretion of the alkaline intestinaL 
juice at once became more copious. 

To this interpretation, that the emulsifying and absorptioc^ 
of fats is brought about by the carbonate of soda in the in — 
testinal juice, the objection has been raised that the absorptk)^^ 
of fats begins early in the upper part of the intestine, whe g^ - t 
the reaction of the intestinal contents is always acid. Furtbi 
it is well known that during digestion the chyle-vessels in 
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dondenum become opaque and vrliite, through being tilled with 
ifroplete of fat, and also that the contents of the entire small 
int^tine as far as the cecum occasionally give an acid reaction.' 
To this I wonld reply, that it is not the reaction of the internal 
port of the food-mass which is of importance, but the reaction 
of its surface which comes in contact with the absorbing iutes- 
tiaal wall. That this latter always remains alkaline is due to 
ihe above-mentioned reflex mechanism. 

It appears to me that the carlronate of soda in the in- 
testinal juice also serves another purpose. The food absorlis 
hy<irochloric acid in the stomach ; the molecules of hydro- 
chloric acid are distributed among the minutest particles of 
organic food. When the sodium carbonate neutralizes the 
acid, the carbonic acid thus liberated effectually separates the 
minute particles of the organic food from each other. The 
bulk of the food is more thoroughly broken up, and the 
digestive ferments gain more complete and easy access to tlie 
individual particles, and so effect the rapid solution of the food 
ID the intestine. 

In conclusloa, I must not omit to mention that another 
explanation has been given by Hoppe-Seyler of the action 
of the intestinal juice, which is opposed to mine. Koppe- 
Seyler's' view is that probably uo special intestinal juice 
exists as a secretion uf Lieberkuhn's glands, or of the In- 
testinal mucous membrane ; at any rat«, he sees at present no 
proof of its existence. He thinks that, the quantitative com- 
poeition of the supposed intestinal juice being identical with 
ihatof the bloixl-plasma and of lymph, we cannot r^ard the 
fluid obtained from Thirj-'s intestinal fistula as being anything 
hut a transudation brouglit about by abnormal stimulation. 

In reply, I would merely ask how we are to explain the 
fitct that the intestinal contents, which give an acid reaction 
in the upper portion of the small intestine, even after ad- 
mixture with the pancreatic juice and with bile, are nearly 
always markedly alkaline^ in the lower portion of the intes- 
tine, an<] tiiis in spite of the incessant lactic and butyric acid 
fermentation H. 

Hoppe-Seyler teaches that the recesses of the intestines, 
ilesignated as Lieberkiihn'a glands, serve only to enlarge the 
ittacrbent intestinal surface, and that the supposed glandular 
epithelium is only a continuation of the absorbent epithelium 

' Th. CMh. Du Boi»' Arch,, p. 323 : 18.W. 

'Hoiipe.Seyler, '■Phy«iologiKheClieiQie."pp. !70, 375: Berlin, 1881, Com- 
(•reArthnr Huinu, ZtHtehr.f. Biolog.. vol. xxii. p. 195: 1886. 

' Glej ud LauibtinK, Bee. biol. du Nirrd dt la Fratux, vol. i. : 1888. 
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of the villi. On the other hand, Heideahain ' UMrts tlat tint 
epithelium uf Lieberkuhn's glandg differs very mucb morpho- 
logically from the epithelium of the villi, and thai, us the 
intestinal contents never penetrate into Lieberkuhn's glands, 
these could not serve for absorption. 

The BILE, the secretion of the liver, is the only secretion 
poured into the alimentary canal which remains for our con- 
eideration. The secretion of bile is not the only function of 
the liver, Thb is soon seen by comparing the size of the 
liver and the small amount of bile pnxluced with the stxe of 
other glands and the quantity of their secretions. The human 
liver weighs from 1500 to 2000 grms., and produces in twenty- 
four hours about 400 to 800 grms. of bile.' The parotid, 
which weighs only from 24 to 30 grms., produces in the same 
time from 800 to 1000 grms. of secretion. This simple tact 
shows that the liver probably has other functions to perform. 
We must refer our readers to another lecture (Lecture XXU.) 
for an account of the numerous and coroplicatfid chemical proc- 
esses that go OQ in this the largest of all the glands, and of 
the origin of the bile fnna the constituents of the blood. At 
present we have only to do with the secretion, when affected, 
and its significance in intestinal digestion. 

The digestive secretions which have been under conddera- 
tion do not contain any specific constituents, if we exclude the 
ferments which we are unable to isolate. So iar as our knowl- 
edge goes, they consist only of substances which are distrib- 
uted all over the body. The chief solid constituenta of the 
bile, on the other hand, are found to consist of specific organic 
compounds, which are either not met with at all elsewhere in 



> Hcddeahnin, Pfiugtr"! Amh., vol. xliii. Slip. p. 26: 1888. 

' For the method of estahlishiiig u biliary fistula, &iid oT detemiiDinfc iht 
amount of bile pn>du(«d in twi!Dl;-four hiiun, ate Sotiwanii. Arth. ]. Atutt, ti. 
PhyncL.p. 127; 1^44; Blooillot, " F:iHii aur lea fouctiona du faie,"Ac. : Pari*. 
1S46; Bidder and Schmidt, " Die VtrdanungMafle u. der Stoffw«cbKl." p. M; 
Ijeiplisand Mitnu, 1862. Thu aiuount of bile secreted in tventj-fuur hoan in 
easel of men vitb biliar; Satulfe, wna eEtimated b; J. lUnke. " Die Blulvnthcj— 
lung and der Thltigkeitanechiiel der Orgaoe," pp. 3», 146: Leip^. ISTl; *. 
Witticb, PfliiEer's .JrcA,, vol. ri. p. 181: 1872; Wntphalen. DeaUek. Arek. f^ 
klin. Mtd., Tol. xi. p. 588 : 1873 : Gerald F. Yeo ud E. F. Hermnn. Joant. aj^— 
Phytiol.. Toi. T. p. 116: 1864. Copeman and Wintton, Jovm. Phytioi., roL i 
p. 213: 18SB. Mayo Bobson. Proc. Roy. Soe.. vol. ilrti. p. 48S: 1890; Moe^ 
Paton and J. M. Balfour, Rep. Lab. Roy. Coll. Phy:. Edin., vol. iii. p. I9L ; 
IBQl. Tbe amount of bile in tweoty-four hours eatimalcd in tbe ease of mis^ 
vitb biliary fistula ia certaitilif too small, for the daetua rholedocha* «u (^w^:^ 
and a part of the bile eaeaped into (he intestine. With aniinals nhere Uie durt».^, 
choledochus liad been tied, a far larger amountof bile waa obtained proportions^ 
to their weight. Bidder and Bchmidl (/w. cU., pp, 114-209) found f^om U In a^ 
grms. of bile in twenty-four hours to every kilogramme of weight, in the ate wf ' 
dogs; with cats, an average of 14.5; sheep, 25,4; rabbits, 136. S. 
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tbenDimal body or only in traces. We will therefore proceed 
(o examine these compounds more closely. 

The sodium salts of two comitlex acids form the chief 
constituents of the bile ; giycocholic acid and taurocholic acid. 
rbe former of these acids splits up, on boiling with acids and 
alkalies as well as when acted on by ferments with hydration, 
ii3<^ an acid free from nitrogen, cholalic acid, and into a sub- 
gt^LHoe containing nitrogen, glycocoll. The taurochloric acid 
splits up, by the same means, into eholalic acid, and into a 
)yc*«Jy containing both nitrogen and sulphur, taurin.' 

In spite of numerous investigations,' little ia known con- 
e«niing the constitution of cholalic add. It appears that the 
cholalic ai-ids fn)m the biliary acids of various animals have a 
different composition, although possessing similar physical and 
cfaemicnl qualities. The formula for the cholalic acid of human 
bile was foimd by H. Bayer to be C,jHjgO„ while that of the 
cbololic acid in bullock's bile was found to be Cj,H„Oj. 

The con.«titution of glycocoll (glycin) is accurately known. 
Xhis substance can be Kynthetically produced from monochlor- 
acetic acid and ammonia, and is therefore the same as amido- 
aoetic acid — CHj(NHj)COOH. It cannot be traced in a free 
stat« in the animal body, but occurs in combination with 
another acid than cholalic acid, as hippuric acid. We shall 
soon meet with it again. It undoubtedly originates in the 
animal body from proteid. It can be artificially prepare<l from 
gelatin by boiling with dilute acids, and gelatin is a derivative 
of proteid. Being produced from gelatin, amido-acetic add 
received the name glycocoll (gelatin sugar). 

Tanrin shows its origin from proteid by the amount of 
sulphar it contains. Kolbe' succeeded in producing it syo- 
ihelieally in the following manner : chlorethyl-sulphonate of 

'the neearphes of Adolph Slrecker in Li^big'a Annul, (vol. lir. p. 130: 
1R4*; rol. Iirii. p. 1 : 1848; and yol. \xx. p. 143 : 184J>) form the groundwork 
'•t all nibMijuait inveitigationg on the bile-ocida. Among later works. I muat 
parlicnlarly notice a nenes of eiperimeato carried oat by Heinrich Bayer in 

IHoppe-Seyler's laboratory Ht Strassburg. " Ueber tlie Sauren der uieaBchlichen 
0«1U " (ZfiUehr. /. phytiol. Chen., vol. iii. p. 293 : 1870). A summary of the 
Mtlierwork done in thU Geld ts also given here. 
'Of late yean the following authors have worked more particalarly onthe 
(ubjnlof the constitution of cholaJic acid : Tappeiner, ZeiUckr.f. Biolog., vol. 
lii- p. 60; 1876: Sitttingibcr. d. Wterier Akad.. vol. Ixixrii. part ii.: April, 
18T*; Btr. d. datttch. chrm. Of*., vol. lii. p. 1627 : 1879. Compare also Lat^ 
thmS. Brr. d. devtich. ehnt. Ga., vol. xii. p. tSlS: 1879; vol. xiii. pp. 1063, 
1*11: 18*0; yol. KV. p. 713: 1882; and Tol. xviii, p. 30.19: 1885; as well as 
Hinauiiten, Jforo Ada Rtg. Sor. SderU. Vpiala. ser. iii.: 1881 ; Kotscheroff, 
Brt. t. dtHltch. cKen. Ga.. vol. iii. p. 2325 : 1879 ; ClSve, Compl. rtnd., vol. 
>ri. f. 1(173: 1880; and Offvtrngl nj Kongl Vettnkapi. Akad. fork., No. 4, 
IK- 



'Kolbe, Jnn. d. Ch<m. u. Pharm., vol. czxil. p. 33 : 
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sUver, CJH^ClSOjAg, heated at 100° C. in sealed tabes with 
a concentrated solution of ammonia, yields silver chlorid and 
amido-ethyl sulphonic acid, C2H^(NH2)S03H. This is identical 
with the taurin obtained from bile. 

The comparative amounts of taurocholic and glyoocholic 
acids vary in the bile of different mammals. Glyoocholic acid 
predominates in bullock's bile, whereas the bile of camivora 
appears to contain taurocholic acid only ; at any rate, this is 
true of dog's bile.^ Both acids are found in human bile in 
very varying proportions, although glyoocholic acid always 
predominates.' Jacobsen even found die human bile in one^-s 
case quite free from sulphur, and in three other cases th 
sulphur was only contained as a sulphate.^ 

To the specific constituents of bile belong also the bil 
pigments, of which two occur in the bile of most vertebrates 
one red-brown, bilirubin, and the other green, biliverdin. T 
first is readily converted into the second by oxidation. Accon^^ 
ing to the preponderance of one or the other, and according 
the amount of each, the bile is of a yellow, brown, or 
color. Both coloring matters have been obtained in a 
line form. Bilirubin has the composition C^fi^f)^; b 
verdin, C^jH^gN^Og.* They are closely related to hema. 
and hemoglobin, and we shall have later on to consider tl^ 
mode of origin from the latter in greater detail. Both co& 
ing matters behave like acids ; they form soluble compooAct^ 
with metals of the potassium group, insoluble ones with tbos^ 
of the calcium group. Certain gall-stones owe their origin to 
the formation of these insoluble compounds in the bile-ducfcat, 
under conditions which have not yet been sufficiently investi- 
gated. The amount of coloring matter in normal bile is always 
very small. Stadelmann * found, for instance, an average o^ 
0.16 grm. of bilirubin in a dog's bile in twenty-four hours- 

* Strecker, Ann. d, Chan, u, Pharm., vol. Ixx. p. 178 : 1849 ; Hoppe-Seykr^ 
Joum. /. prakt, Chem., vol. Ixxxix. p. 283 : 1863. 

*0. Jacobsen, Ber, d. deuUch, chem. (?««., vol. vi. p. 1026: 1878; Trififc-' 
nowsky, Pfluger's Arch.^ vol. ix., p. 492: 1874; Socoloflf, ibid., vol. xit p. 54^ 
1876 ; Hammareten, Uptala Ldkareforeninga fbrhandlingar, vol. xiii. p. 674 ^ 
1878; Hoppe-Seyler, " Physiologische Chemie/* p. 301: Berlin, 1881. 
F. Yeo and E. F. Herroun, Joum. of Phytiol., vol. v. p. 116: 1884. 

' O. Jacobsen, loc. cit., p. 1028. 

* Stadeler, VierUljahrtckHft der Zuricher ncUurf. Oes., vol. viii. p. 1 : 1868 
Ann.d. Chem., vol. cxxxii. p. 323 : 1864 ; Thudichum, Joum. f. prakt. 
vol. civ. p. 193: 1868; Maly, Jouim. f. prakt. Chem., vol. civ. p. 28: 1868; 
SUzungtber. d. Wiener Akad. d. Wisaensch., vol. Ivii. part ii. : 1868 ; vol. 
part iii.: July, 1874; vol. Ixxii. part iii.: October, 1876; Ann. d. Chem. 
Pharm.f vol. clxxxi. p. 106: 1876. 

* Ernst Stadelmann, Arch. f. exper. Path. u. Pharm., vol. xv. p. 
1882. 
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c conetitueats, tlie bile always containB 
tDK^fis, lecithin, and cholesterin (see Lecture VI.). The quantity 
of tie latter is considerable ; it may amount to 2J per cent. It 
is absolutely insoluble in pure water, and is kept dissolved in 
the bile by the presence of soaps and bile-salts. Under patho- 
logical conditions, of which nothing definite I.s known, cbolei^ 
terin separates out in the bile-ducts and forma concretions, 
vlxich are partly pure and partly mixed with bilirubin and car- 
bonate of lime. 

Lastly, mucin belongs to the constant biliary constituents. 
^ This is not however a product of the Hver-cells, but of the 
^Hpithelial cells which line the mucous membrane of the larger 
^pbile-dncts, and especially of the gall-bladder. The latest and 
Vmoet complete experiments on the chemical qualities of mucin 
h»ve been carried out by Landwehr.' He arrives at the con- 
clusion that mucin is a compound of jiroteid with a colloid 
carbohydrate, which latter he designates "animal gum." 

[Of late years tlie mucins and mucoids have been tlie 
subjects of several careful investigations, the true starting- 
point of which may be found in Schmiedeberg's masterly 
work* on the composition of chondrin. He found that 
cbondrin could be regarded as a combination of gelatin with 
a conjugated sulphuric acid, viz., chondrettn-sulpburic acid. 
Chondretin, itself not a reducing substance, could be converted 
by boiling with dilute acids into chondrosin, which has a 
strongly reducing action on cuprie hydrate, and can be re- 
garded aa a combination of glycosamine (CgH,,OjNHj} and 
glycuronic acid (COOH CgH^J. In chondrin therefore the 
group which gives rise to the retlucing substance on boiling 
with acids, contains nitrogen. This is also the case with the 
Mucins so far as they have been investigated. Thus Miiller' 
obtained pure glycosamine hydrochlorate from mucin of the 
submaxillary gland. Leathes* investigated the mucoid of 
i>varial cysts. On digestion and treatment in alkaline solution 
*ith copper acetate, a gelatinous precipitate is formed which 
(^ntains the reducing groups of the mucin. The results of 
^Mialysis gave the formula for this compound C|jHj|CuNO||, 
Hfl~ 2HC1. The reducing substance therefore has probably the 

L 



I. A. L^Ddwehi. ZfiUehr. /. phyiiot. Chan., vol. viii. pp. 114, 132; 1883 
I: 1886T abo Centrntbl. /. d. 'otd. ICwkmcA.. p. 369: IS85. 
•0. Scbniiedeberg, Arch./, eiper. Path. u. Pharm.. vol. iiviii. p. 555 : 1891 
^iluller. Silittnffiber, d, Oaell, i. Be/HrderMng d. gtt. Ifatuneiueateh. i 
t»hw5, No- 1. P- ll?-12a: 18fl8. 
■ ■ 1. Leatbes, Arch. f. exper. Path. u. Pharm., vol. lliii. p. 245 : 1898. 






formula C,jHj^O,„. Leathes gives it the Dame of para-ma- 
cosin and regards it as possibly a dihexosamine.] 

I subjoin the following analyses aa iastances of the highly^ 
variable quantitative composition of human bile : — 



OBTATNBD TBOtt T 



E OaUj-Bladdeb. 



Water 

Bolid nbttancee 

Uacin 1 

Other subfltanceB insoluble [ 

in alcohol J 

Sodium taurocholal« . . . > 
Sodium Klycocholste ... J 
Sodium palmilate ftad ettA- 

Sodium oleate 

Fit 

Lecitbia ..... 

CholwleriD 

Inorganic nlta 

KQ 

N«a 

N^CO, 

N«,PO, 

C»CO, 

s^po, 



aonp-BcHiiBi.* TrihDOVifcr. ■ 



i^ 



S60.0 
140.0 


S59.2 
140.8 


26.6 


29.8 


102.2 


91.4 


3.x 


O^ 


1.6 
6.6 


?:?J 


2.5 


2.0 


2.0 


2.6 


1.8 


2.8 


0.2 


0.4 



a. 



30.9/ 



ar. 



.3} 



These analyses show that the bile obtained from the gall- 
bladder is much more concentrated than that obtained from 
the fistula. It is therefore evident that an absorption of water 
occurs in the gall-bladder. The analyses of d(^'s bile by 

> Preriohs, Hannorer Ann., Jnhrg. v. Heft i.: 1845. 

• Von Gamp- Bwwnei, Prag*r VitrltljaJirichr., lol. iii. p. 86: 1B51. 
•Trifcnowiky, Pfluger's ^rvA., T0I. iz. p. 192: 18T*. 

• HoppicSeyler. " PhfnologiBrhe Cbemle," p. 301 : Berlin, 1881. 

• O. Jaeobaen, Btr. d. druUeJi. thtm. Ot*.. vol. ii. p. 102S : 1873. Tbe fail) 
WM taken, at inlcrv&la of a few da^i. from a biliary fiitnla open tor m*m1 
Wfcki, (hr p«tipDt btinn ■ powrrful man. 
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Hoppe-Se^ler^^ in which he compared the bile found in the 
bladder, and collected while the animal was fasting, with that 
from a temporary fistola on the same animal, are in accordance 
with this observation. 



on HUITDRKD PASTS OF BII.B OOVTAIH— 



Moan . 

Alkaline tanrocholate 

CliokKcnn 

Lecithin ' 

Fits 

8oapi ... 

Other oiginicsubfltanoeB, not soluble in alcohol 
InoTguic Bubstanoes, not diflsolved in alcohol 
IntheaboTe: KtSO. 

Na^4 

Naa« 

Na,0O, 

W*^- :::::::: : 

OaCX), 

MgO 



Bile from bladder. 
I. IL 


BUefroB 


I. 


0.454 


0.245 


0.053 


11.959 


12.602 


3.460 


0.449 


0.133 


0.074 


2.692 


0.930 


0.118 


2.841 


0.083 


0.335 


3.155 


0.104 


0.127 


0.973 


0.274 


0.442 


0.199 


— 


0.408 


0.004 


— 


0.022 


0.050 


— 


0.046 


0.015 


— 


0.185 


0.005 


.— 


0.056 


0.080 


— 


0.039 


0.017 


_- 


0.021 


0.019 


-^ 


0.030 


0.009 


— 


0.009 



n. 



0.170 
3.402 
0.049 
0.121 
0.289 
0.110 
0.543 



More recently Hammarsten' has had the opportunity of 
analyzing a number of specimens of human bile obtained from 
tlie gall-bladder as well as from fistulse. 





Bile from flstuU. 


From gall-bladder. 


* 


1 


S 


a 


4 


6 


6 


7 


1 


S 


Mk 


1.63 


2.06 


2.52 


2.84 


2.45 


3.53 


2.54 


17.03 


16.02 


Pier 


98.37 


97.94 


97.48 


97.16 


97.55 


96.47 


97.46 


82.97 


83.98 


tff^ end pigment . 


0.36 


0.28 


0.53 


0.91 


0.88 


0.43 


0.52 


4.19 


4.44 


^^^^ ^■■•w • • • • 


0.26 


0.85 


0.93 


0.81 


0.56 


1.82 


0.90 


9.70 


8.72 


Sf'''^^^''^ .... 


0.06 


0.11 


0.30 


0.05 


— 


0.21 


0.22 


2.74 


1.93 


^JBoeholate .... 


0.20 


0.74 


0.63 


0.76 


— 


1.61 


0.69 


6.96 


6.79 


jvtf acids 


0.04 


— 


0.12 


0.02 


_ 


0.14 


0.10 


1.12 


1.06 


i^. iv^ • • • • 


0.05 


0.08 


0.06 


0.10 


0.06 


0.16 


0.15 


0.99 


0.87 




0.02 


0.03 


0.02 


0.05 
0.08 


0.02 


0.06 
0.10 


0.07 
0.06 


0.22 
0.19 


0.14 
0.15 


0.85 


0.80 


0.81 


0.81 


0.89 


0.68 


0.73 


0.29 


0.30 


"rfaWe salts . . . 


0.04 


0.02 


0.03 


0.04 


0.03 


0.05 


0.02 


0.22 


0.24 



^ Hoppe-Seyler, loe. eit., p. 302. 

' The greater part of the NaCl was dissolved by alcohol, and not estimated. 

* Olf Hammarsten, Natfa Acta Beg, SocieUU, Scient. Uptal,f ser. ill., vol. 16 : 
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Having ascertained the composition of the bile, we mnsti 
now consider its uses. There has been much dispute on this 
point. Some have even denied that it is of any essential use 
whatever, and have regarded it simply as an excretion like the 
urine. The fact that the bile is poured into the commencement 
of the intestine, into the duodeadum, is opposed to this view. 
If the bile were an excretion, we should expect the bile-duct to 
open into the lower end of the rectum, just as the ureter opens 
into the cloaca in the lower vertebrates. It is impossible not to 
believe that bile, in its long passage through the intestines, must 
have some serious duties to perform. 

The constituents of the bile are, to a very lai^e extent, re- 
absorbed by the intestine — a fact which is strongly opposed to 
its being an excretion. The bile acids, which are the most im- 
portant constituents, are split up by the ferments contained in 
the intestine into cholalic acid and taurin or glycocoll ; the lat- 
ter, a very easily soluble substance, disappears entirely.' Of 
the cholalic acid only a very small part is excreted in the feces. 
Concerning the ultimate fate of the taurin nothing is known 
with certainty.' 

If the bile were an excretion like urine, we should expect 
to find the quantity of nitrogen and sulphur in the bile varying 
proportionately with the amount of proteid decomposed in the 
body. As a matter of fact, thb is not the case. We know 
from the researches of Kunkel ^ and Spiro,' conducted on dogs 
with biliary fistulse, that only a small part of the sulphur and 
nitrogen resulting from proteid metabolism appears in the bile, 
and that it is but very slightly increased, by a larger supply of 
food. When the amount of proteid allowed the dog was mul- 
tiplied eightfold the nitrogen and sulphur of the bile were only 
doubled. 

All these facte speak in fevor of the view that the bile 
must be regarded as a secretion, like the otlier secretions whicb 
are poured into the alimentary canal and exert a manifestly im- 
portant influence in the process of digestion. But the follow- 
ing fact shows that the bile occupies a peculiar position. Th^ 
secretion of the bile b^ins in the thinl month of embryonic? 

< On the farther fate of the glywcoll, lee Ltvtnre XIX. 

'The most exteaded researches on taurin bavebeeo made b; Salkoviki, jB<r~ — 
d. Jealteh. chem. Qa., vol. v. Hefl. xiii.: 1872 ; vol. vi. pp. 744, 1191, 1312: ISTS- - 
Virehow'i Arch., vol. Iviii. p. 460 : 1873. 

> Knnkel, " Out. uber den Stoffwechsel in der Leber ": Wuribtifg, ISTfr = 
Bff. d. laek. Ou. d. TTufenwA..- November, 18/5; Pfliiger's Arch., vol. liy. K*- 
344: 1876. 

: 1880 (from Ludwig's laboratory & » 
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life; the activity of all tlie other glands whicli empty their 
Becreiions into the alimeDtary canal does not commeoce till after 
birth, wheu fo<«i is first taken.' Moreover the observation of 
Liiiijaoow' that the eecretioD of bile in guinea-pigs is only 
sii^tly diminished during starvation is against the cotioeption 
of bile as a digestive secretion. 

It has been attempted to decide the question as to the fune- 

don of the bile in intestinal processes by watching the digestive 

islarbauces which occur when the bile is withdrawn,' It 

appears that dogs with a biliary fistula digest protcid and 

(arbobydrates as completely as healthy dogs. They can be 

adequately fed on lean meat and bread. Fat is tlie only 

fuod-stuff that they cannot entirely digest, and a considerable 

jart of it — more than half if much be eaten — reappears in 

tlie feces, which for this reason are of a light gray or white 

("br. This is not owing to the want of the bile pigments, 

as was originally thought. The black color of the normal 

feces after meat diet is not caused by the bile pigments, but 

"y hematin and sulphid of iron. If the light gray feces of 

^ animal with a biliary tistula or of a jaundiced person be 

•^tracted with ether, which dissolves the fat, the dark color is 

^ain evident. In consequence of the imperfect absorption of 

^^ fat, the other food-substances cannot be completely digested. 

■J'^e fet encloses the proteids, which become decomposed by 

"^ putre&ctive organisms of the intestine. This explains the 

PUtj^active smell of tlie feces and the intestinal gases in 

"**8¥ with a biliary fistula. The breath of the animals be- 

"•^Dies fetid. These symptoms are all absent when a diet with- 

"ot fet is given. 

Many of the d(^s with a biliary fistula that have been 
'"»«ler observation became very thin, and a few died with every 
'~*nptom of starvation. This is readily comprehensible if we 
'''*^sider how high the heat-equivalent of fats is, and how 

Zveitel, " Unt. uber ilea Verdadaagsitpparat des Neugeborenen " : Berlin, 
_ U?-*. An a(«ouat of the t^oiupreheaElTe literature on the sction of the digeative 
I l^^di in embryonic Ufe ie to be found inW.Prejcr'* '■ Specielle Phrnol. dn 
|lM«ihijo,-'p. 306: Leipng, 1885. 

*3. M. LuVJuiaw. Zeiuchr. f. phytiolag. Chtm., vol. ivi. p. 87: ISHl. 
I 'Schwann, jlnrA./. Anat. u. Fhyiiol., p. 127 : 1844; Blondlot, " Eessi aur lea 

"Motions tJD foie et de mx aoaexes " ; Paris, 1846 ; Bidder and Schmidt, he. cit.; 
Sollicker uid MiUler, Verh. d. phyt. med.0f4.ru Wunfrurtf, vol. v. p. 232 : 1864; 
™- »i.: 1865; Arnold, "ZurPhyaiol.derGalle," Denbschrift fiJrTiedemann : 
*WDheim, 1854; and "Die physiol. Analalt detUniveraitat Heidelberg" : 1858; 
, f-- Vait, Beitr. Eur Bblog. Featgabe Th. Biichoff mm Doctor] ubilaum. Stutl- 

t?"' P. IW; F. Rohmann, Pfluger's Arch., toI. uii. p. 509: 1882. The 
•etvfctions on icteric patient* are io complete harmony with those on doga with 
!r;Vy fialule. latbiiconaeetioDifeFr.UaUer.Sitiaagiber.da-phvtikal.mtd. 
"'■ »«* Wurtbttre. No. 7: 1885. 
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difficult it is to replace this potent source of energy by otbor 
articles of food. It is necessary for this purpose to oonsame 
very large quantities of proteid and carbohydrates, and the 
digestion of these substances is disturbed by the presence of the 
unabsorbed fat. Therefore only those dogs kept their weight 
which were fed on food as far as possible free from fiit, and that 
in very large quantities. 

It is therefore an undoubted &ct that bile aids in the absorp- 
tion of fat. This power is partly explained by the emulsi- 
fying action on fats already mentioned (p. 164), which the 
bile possesses in common with the pancreatic and intestinal 
juices. In agreement with this is the fact that the with- 
drawal of the bile only diminishes the absorption of fisit, and 
does not completely stop it. Possibly it is not only the 
emulsifying action of the bile which assists in the absorption 
of fet. Wbtinghausen^ showed that, when oil is separated 
from a watery fluid containing bile in solution by an animal 
membrane soaked in bile, it filters through without any pres- 
sure, whereas it can only be made to pass through a membrane 
soaked in water by the employment of high pressure. But the 
intestinal wall does not behave like a dead membrane. Than- 
hoffer,^ who first observed in the frog's intestine the active func- 
tions of the epithelial cells in the absorption of fiite, also 
mentions that the movement of the protoplasmic processes 
becomes more active when the epithelial cells are moistened 
with bile. 

The process of fat absorption is however by no means ex- 
plained by the facts we have discussed. The emulsion of the 
fat by the alkaline constituents of the intestinal pancreatic 
juices and of the bile will not serve alone to explain the 
process. The pancreatic secretion and bile have still an- 
other part to play in the process. We know for certain that 
the absorption can only take place by the codperation of both 
juices. In the rabbit the pancreatic duct opens into the 
duodenum 10 cms. lower down than the bile duct. After 
the administration of fatty food the lacteals may be seen to be 
transparent in the interval between these two openings, and 
only assume the milky appearance below the orifice of the 
pancreatic duct. Dastre experimentally changed the relative 
position of the two ducts. He ligatured the common bile duct 
and made a fresh opening for the bile by a conmiunication 

^ Wistinghausen, " Experimenta qiuedam endosmotica de bUis in abaorptioae 
adipum neutralium partibus/' Dissert.: Dorpat, 1S51. A translation of (hii 
dissertation was published by J. Steiner in Da Bois' Areh,, p. 137 : 1873. 

2 Ludwig von Thanhoffer, Pfluger's Arch,, vol. viii. p. 40 1874. 
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1 the gall-bladder and the email intestine some distance 
below the opening of the pancreatic duct. After this procedure 
the mQky appearance of the lacteak lirst became evident below 
the point of entry of the bile. We must therefore conclude 
that Deither the bile by itself, nor the pancreatic juice l>y itself, 
cau effect any considerable absorption of (at. 

[It seems most probable that the absorption of &t resembles 
that of the other food-stuffs in that it takes place in a state of 
eolutioa. The pancreatic juice first causes a splitting of the fat 
into &tty acid and glycerin. If the reaction is alkaline the 
iath- acid may combine with the alkalies to form soaps. What- 
ever be the reaction of the intestinal contentii, however, the fat 
ia absorbed either as a solution of fatty acids in the bile-salts or 
as a solution of soaps in the bile. The cooperation of both 
jiuces is therefore necessary : the pancreatic juice to split the 
fets, the bile to dissolve the products of this fermentative 
action and carry them into solution into the epithelial cells of 
tbe intestine, where the fatty acids and soaps are resynthesized 
with glycerin to form neutral fata, while the bile-salts are 
. Carried by the portal blood to the liver to be turned out i^in 
LJDto the beginning of the intestinal tract and serve as a vehicle 
a still further quantity of fat.] 

No action of bile on proteid could be demonstrated in 

Kp«riments on artificial digestion. A slight dia^jtatic effect 

s indeed noticed, but, for tbe reasons above stated no weight 

I be attached to this obser\'ation. Bile must however have 

"tome other functions besides that of assisting in fat absorption, 

since the quantitj- of bile secreted by herbivora, whose diet is 

po»>r in fat, is much greater than that formed by caruivora with 

their rich tattj- diet. 

An antiseptic property has also been ascribed to bile on 
account of the putrefactive phenomena, mentioned above, which 
appeared in the intestine of animals with a biliary fistula. 
But, aa was then shown, these signs of putrefaction are capable 
ff another explanation ; they depend only indirectly upon the 
shaence of tbe bile. For as the bile cannot protect even itself 
fWim putrefaction, it is evident that it can have but little anti- 
septic power. Any one who has experimented with bile knows 
that it eniits a strong putrefactive odor after a few days, even 
'Sullen kept at tlie tem|ierature of a dwelling-room. The 
doctrine of tbe antiseptic properties of bile has recently again 
found supporters in Maly and Emich.' They affirm that tbe 
— bile acids, and especially taurochoJic acid, prevent the develop- 
Hffkent of putre&ctive organisms, and that tanrocholic acid in 
^B ■ iUlj and Fr. Emich, MonaUhrflcf. Chtm.. vol. iv. p. 89 : 1883. 
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many cases is nearly as powerfiil as salicylic acid and phenoL 
This view has been confirmed by Lindberger^ as well as by 
Gley and Lambling.^ But still it is only the free bile acids thi^ 
hinder putrefsu^on^ and not the salts. This explains why bile 
itself which is alkaline or neutral, rapidly decomposes outside 
the body, whereas the bile acids can develop their antiseptic 
properties only in the upper portion of the small intestine, 
where an acid reaction prevails. 

1 V. lindberKer, BullUin de la Soe. imp. des nai^iiraUiUi de Mo^cau: 18S4. 
* Gley and Lfunbling, lUv, biol, du Nard de la France, voL i.: 1888. 



LECTURE XIII 



THE PATHS OF ABSORPnOS, AND THE IMMEDIATE DESTINA- 
TION OF THE ABSORBED FOOD-STUFFS 

^B VV'b have hitherto been considering the fate of the food-sub- 

^ntances in the intestine and the preparation they undei^ 

^previous to absorption. Our attention must now be given to 

the paths which the food-stuffs follow in undei^ing abaorp- 

tlOD. 

Xhe investigations of Ludwig and of his pupils Rdhrig,' 
Zawilski,' von Mering,* and Schmidt-Mulheim,' have thrown an 
iuiexpect«d light on this subject. Till modern times it was 
eotnmonly assumed that the main stream of nutriment passed 
from the interne through the thoracic duct. But Ludwig's 
experiments have shown that it is only the fats which take this 
path. The whole stream of watery solutions, carbohydrates, 
proteids, salts, etc., proceeds from the intestine to the heart, 
through the portal system and the liver. The watery solutions 
penetrate the walls of the capillaries which form a network on 
the Intemal surface of the intestine, and enter the blood direct. 
The droplets of fat alone are brought to the commencement of 
tlie tacteals by the active movements of the epithelial cells. 

If, in a living dog, the spot where the thoracic duet opens 
■nto the jugular vein' be laid bare, a cannula may be intro- 
duced into the duct, and the amount of chyle that flows out in 
* given time estimated. The astonishing feet was discovered 
that the amount was no greater during digestion than in a 



fast; 



ing 



Lnimul." The sole dilfereaice was that the fluid was 



l^raasparent in the case of fasting animals, whereas after food 



t 



A, Bdhrif, Ber. d. t&chi. Ga. d. Winenteh. Math. phyn. Clatte. toI. zivi.: 

' ZBwiliki. Arlttilen ati* der phytiel. AmUlt ni ttipiig, p. 147 : 1876. 

'TOO Mering. Da BoU' Arch., p. 379: 1ST7. 

' A. Bchmiat-MuHwini. ibid., p. 649. 

' For the mode of oper&tioD ud the precautions adopted during tb€ aab- 

mt pon-morlem, we A. Rohrig, loc. ei(,,pp, 13, 13; and Schmldt'Ufillieim, 

*., pp. 559-661. 

> Zawiliki, loc. eil.. pp. 161, 162. 
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it was white and opaque from the presence of minute particles 
of fat. 

On the other hand, the amount of sugab in the chyle was 
not found to be greater during the digestion of staroh and 
sugar than in the fasting animal — 0.1 to 0.2 per cent.^ The 
amount of su£^ in the chyle was always the same as in the 
lymph from^cervical l^phatic trunL, and in the serum * 
of the arterial blood. The sugar of the chyle had therefore 
passed through the walls of the intestinal capillaries into the 
chyle-vessels along with the blood-plasma. From the intestine 
no sugar had got through into the chyle. 

Three hundred and fifty cubic centimeters of ohyle^ con- 
taining only 0.45 grm. of sugar, flowed during the space of 
four and a half hours from the thoracic duct of a d<^, afiier 
it had eaten 100 grms. of grape-sugar and 100 grms. of 
starch.^ 

We must therefore conclude that the sugar reaches the 
capillaries and the portal system direct from the intestine. 
But now we see that the amount of sugar in the blood is not 
increased even after a meal rich in carbohydrates. An adult 
man has about 5 liters of blood, and in each liter 0.5 to 1.5 
grms. sugar, rarely more than 2 grms., so that the whole blood 
contains at most 10 grms. This amount remains the same in a 
hungry as in a well-fed animal. During the few hours elapsing 
after a meal rich in carbohydrates, as much as 400 grms. of 
sugar may pass into the blood. What becomes of this sugar? 
It cannot always be employed as a source of energy as quickly 
as it is absorbed, especially when the body is at rest and does 
not need to produce much heat. The sugar must therefore be 
stored up somewhere and in some form or other, in order that 
it may serve as a store of potential energy for later utilia- 
tion. 

We naturally think first of glycogen, the colloid carbo- 
hydrate stored up in the liver and muscles, which we shall have 
to deal with more ftilly later on. We know that this store of 
glycogen gradually disappears in hunger and during work 
(compare Lectures XXII. and XXIII.), and rapidly increases 
in amount aft^r ingestion of carbohydrates. 

But the large quantities of sugar which are frequently 
absorbed from the intestine into the blood within a short space 
of time cannot possibly be all stored up as glycogen. Tb 

1 von Mering, Zoe. eit,, pp. 382-384, 398. 

3 The blood-corpascles contain no sugar, or only a trace of it (see tod Mi 
loc. cit., p. 382 ; and A. M. Bleile, Du Bois' Arch,^ p. 62 : 1879). 
' von Mering, loc. cit,^ p. 398. 
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tnlalnnoniit of glycogen in the liver in man never exceeds 150 
pTOi., and a similar qiiaotity might he stored up in the whole 
mafflof muscles. This store however is by nci means used up 
a! the time when fresh carbohydrates are taken into the body, 
and dii^appears only after several weeks' Ktar\'ation. If there- 
fore 400 grms, of sugar are poured into the blood within a few 
houra after a earbohydrate meal, it is evident that only a small 
proportion of it can be laid down as glycogen ; and we must 
assume that the greater part of it is converted into fat. In this 
ibrm very lai^ quantities of food can be stored up in the eon- 
n«clive tissue of all the organs, and we shall see later (Tvecture 
XSrV.) that carbohydrates are, as a matter of fact, converted 
into fct in our tissues. 

The present state of our knowledge enables us therefore to 

form the fiillowing conception concerning the fate of the sugar 

that is taken intoour body: — Sugar is an important food-stuff — 

*n important source of enei^ for the muscles and probably for 

all contractile tissues. Hence provision lias been made in our 

oftiifg fur a certain percentile of it to i>e constantly present 

•n the blood which circulates through all the tissues. If its 

aaount in the blood increases to more than 3 per mille, excre- 

"on of sugar takes place through the kidneys {comi»are Lecture 

^XVI.). This loss of precious food-stuff is prevented by the 

'*^ that the liver and muscles at once store up as glycogen any 

^"^ess above the normal resulting from a rapid absorption. If 

'"P consumption be increased by work and heat production so 

*® to diminish the normal pereentage of sugar in the blood, the 

'*"'scles and liver at once give back a portion of the glycogen 

.** tJie blood in the form of sugar. If the store of glycogen 

* iusufficient, fat is converted into sugar and transferred to 

^e blood. In a subsequent lecture (I^ecture XXII.) we shall 

''^l with the grounds for assuming that such a conversion 

J*fees place. We know for a fact that, after long-continued 

^Uoger, when the store of glycogen has quite disappeared, the 

P^<X!entage of sugar in the blood remains constant. Sugar is 

?J^ in all prolmbiUty formed from proteid (compare Lecture 

|XXII.). 

The question now arises as to the reason why the amount of 
*A-T in the blood is not regulated in the same way ? The stream 
*>» fat being poured freely into the innominate vein goes almost 
"*''«^ly to the heart. May not this be fraught with danger ? 
^e blood is in fact frequently floode<I by the stream of fat. 
^ hlood, which has been taken from a dog a few hours after a 
meal containing an abundance of fat, be deiibrinated, tlie serum 
*P*rat«l out after the blood-corpuscles have sunk, appears 
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as white as milk^ occasionally with a r^ular cream-like laj^ 
on the top. This abondance of fat in the blood is quite ham 
less^ because the fat-droplets are so small that thej circubU 
without hindrance through the capillaries. The fat graduall 
disappears from the bloody for the obvious reason that it travel 
through the walls of the capillaries, and becomes stored up i 
the cells of the connective tissue (compare Lecture XXIV.' 
It is impossible for the fat to be decomposed within the veaseli 
since, as we know, processes of oxidation never take place ii 
the blood (see Lecture XVII.). 

The fat which reaches the blood under abnormal condition 
behaves very differently. In comminuted fractures of th 
bones causing a destruction of the marrow which contains i 
great deal of fat, or when the soft parts containing much fii 
are damaged in any way, fat-droplets are often drawn into th 
lymph-vessels and carried with the lymph into the blood. ] 
the amount of fat is considerable, the larger particles of h 
block the pulmonary capillaries over wide areas, edema of tt 
lungs is set up, and it occasionally happens that the patient dL 
with all the signs of increasing dyspnea. The &t may in thca 
cases seek a way out through the kidneys, and the occurrence 
droplets of fat in the urine afler fractures of bone is not at m 
uncommon. 

The question might now be raised as to why this G 
which reaches the blood from the tissues, is not emulsi& 
into minute droplets, seeing that the blood contains sodixi 
carbonate and other basic alkaline salts. The answer 
to be found in the fact already mentioned (p. 164), tlui 
sodium carbonate can only emuLsify fat which has a little 
free &tty acid mixed with it, and not neutral glycerids mt 
as fresh fats are. But no fat can be fresher than when ii 
comes straight from the living tissues into the current of 
blood. 

It has not yet been decided whether all fat passes from the 
intestine into the lacteals, or whether a part enters the blood 
directly through the walls of the capillaries of the intestinal 
villi. Even if a portion does take the latter path, it appean 
to be inconsiderable. Zawilsky found very Httle fisit in tb 
blood of a dog, which had b^ fed on a highly fritty diet 
and whose chyle was drawn off. If fat passed into the cap 
illaries of the intestinal villi to any extent, we should expec 
to find that an abundant diet of fat would be followed by : 
perceptibly larger increase in the portal than in the arteria 
blood. Comparative estimates, made in Heidenhain's labora 
tory, showed that there was the same amount of fieit in boti 
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kiods of blood.* An average of five analyses of blood from the 
ame number of dogs gave — 
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' question 1 

to the path the photeids take in order to become absorbed. 
There are special difficulties to contend agaiust lu experiment* 
on this subject, because proteids already form the chief con- 
stituents of bl<K>d and lymph. If we consider how large is 
the amount of blood which passes through the intestinal capil- 
laries, we cannot expect to be able to trace an increase of 
proteid in the blood in consequence of intestinal absorption. 
Ljudwig and Schmidt-Mulheim therefore adopted another 
method. They tied the thoracic duct, and found that this did 
not in any way prevent the absorption of the proteid, and that 
therefore the proteid takes the other path, through the portal 
vein. I will here quote one of these experiments.' 

Weight of dog, 14.73 kgrms. The dog, which had pre- 
viously lasted for four days, passed all his urine l>efore the 
operation. The jugular and subclavian veins and lymphatic 
ducts nn both sides were now tied. An hour after the opera- 
tioD, and again on the following afternoon, the dog ate on each 
occaaidu 400 gnus, of meat ; and the whole time was in ex- 
cellent condition. Fortj'-eight hours after the operation, the 
animal was killed by opening the carotid. On post-mortem 
examination, the chyle was found completely shut off from the 
blood-vessels. The alimentary canal contained 7.37 grms. N. 
It thus appears that 583.24 grms. of meat were absorbed nft«r 
omplete interruption of the chyle-current. The urine secreted 
■iter the operation contained 21.95 N, an amount correspond- 
ing to the food absorbed. 

Four other experiments carried out in the same manner 
gsve the same result. We thus see that proteid, like all food- 
substances dissolved in water, enters the blood directly through 
the walls of the inte.'itinal capillaries. 

The question now arise-s, whether all proteid, in order to be 
I *hle to follow this path, must be peptonized beforehand, or 
^^*^hether a portion of the proteid is absorbed as such. 

I 
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There b no d priori gromid for suppoeing that piateid is not 
absorbed unchanged. If fiit-droplets, visible und^ the micro> 
scope, and even entire leacocytes, can leave the blood-capillarieB 
and travel through the tissues, why may not a proteid molecule 
find its way through the capillary wall? Voit and Bauer 
have oideavored to prove this experimentally.^ A coil of 
small intestine of a live dog or cat was cleansed of all oontents, 
and a piece of a certain length was tied at both ends with 
a double ligature ; a solution of proteid was then injected into 
this l^atnred piece, the coil replaced, and the abdominal 
wound closed. The percentage of proteid contained in the 
solution being known, the operators estimated the quantity 
injected by the loss of weight of the syringe used. After 
a few hours the animal was killed, and the amount of proteid 
in the piece of intestine was estimated. It was invariably 
found that a considerable portion had disappeared in from one 
to four hours — from 16 to 33 per cent of egg-albumin, from 
28 to 95 per cent of acid-albumin prepared frt>m muscle. 
Voit and Bauer refute the obvious objection that the coil of 
small intestine was not thoroughly cleansed frt>m the peptic 
and pancreatic ferments, as they found that the remainder 
of the proteid in the piece that had been tied was always com- 
pletely coagulable by boiling. No peptone was present with 
the proteid. 

Voit and Bauer have also injected solutions of proteid into 
the rectum of fasting dc^, and determined the absorption of 
the unchanged proteid from the increased secretion of urea. 
Eichhorst ' draws the same conclusion from similar experiments. 
These experiments are open to the objection that the pancreaticK. 
ferment may extend into the rectum. The experiments 
Czemy and Latschenberger,' however, are free from 
objection, because they were made on a man with an artificia.' 
anus at the sigmoid flexure. The rectum could be syringecS 
quite clean through the fistula. If a solution of prot^d 
then injected, and the rectum again washed out after 
twenty-three to twenty-nine hours, it was found that frt>m 60 
to 70 per cent, of the proteid had disappeared. Nencki ^ aac} 
his pupils came to the same conclusion as the result of m 
similar experiment on man. 

A few authors have gone so far as to maintain that oikXy 

^ C. Voit and J. Baaer, ZeiUehr, /. Biolog,, toI. t. p. 602 : 1869. 
^ Hermann Eichhorst, Pfluger's Areh.^ vol. iv. p. 570 : 1871. 
* V. Czemy and J. Latschenberger, Virchow's Arch,, vol. lix. p. 161 : 
^ MacFadyen, Nencki and Sieber^^rcA./. txper. Path, u. Pharm,,yoi, xx 
p. 344 : 1891. 
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the unaltered proteid is of any use after absorption in replacing 
the proteid used up in the tissue, and that the peptones, on the 
contrary, undergo rapid ftulher decomposition, and only serve 
as sources of enei^. 

Certain &cts seem to agree with this view. A &sting 
animal is very economical with its store of proteid, and its 
excretion of urea is very limited ; whereas, after a meal cou- 
sistiDg largely of proteids, an amount of nitrogen closely corre- 
spon£ng to the proteid eaten reappears in the urine in the 
coarse of the next twelve hours. It might d priori be expected 
that the nitrogenous equilibrium would be maintained if a fiist- 
mg dog were to eat as much proteid as corresponds to the 
nitrogen excreted in hunger, together with plenty of non- 
nitn^enous food. It might be bought that it would be in- 
differmt whether the necessary proteid were derived from the 
food, or from the animal's own tissues. But it is not so. If 
a fitting dog be given only as much proteid as corresponds to 
the proteid used up in fiisting, it still goes on consuming the 
nitrq^ous constituents of its own tissues. Nitrogenous equi- 
librium, t. f., the condition in which the animal excretes no 
more nitrogen than he takes in, is not established until three 
times as much proteid is given.^ 

Ludwig and Tschiriew' injected into the vein of a dog 
defibrinated blood from another dog. This caused only an in- 
considerable increase of nitrogenous excretion. But if they 
gave the dog the same quantity of blood by the mouth, the ex- 
cretion of nitrogen rose proportionately to the amount given. 
Forster^ attained the same result in similar experiments. 
[Pfluger however has shown that the assimilation of serum is 
t8 complete when it is administered intravenously as when it is 
given by the mouth.] 

Proteid therefore behaves very differently according to the 
way in which it reaches the blood and the tissues. When 
taken up from the intestine, it rapidly undergoes a destructive 
metabolism. 

This fact was quoted in support of the theory that peptones 
are not assimilable. It was claimed that proteids absorbed 
from the intestine, being mostly peptonized, must therefore go 
on decomposing rapidly ; and, fiirther, that only that portion of 
the proteid which is absorbed as such can be used in building 
up ^e tissues. 

But the facts are capable of another interpretation, for we 

' Voit, ZeU9chr,f, Biolog,, vol. iii. pp. 29, 30 : 1867. 

'8. Tichiriew, Arheiien a\u dem phywiol. InstitiUzu Leipzig ^ p. 441 : 1874. 

* J. Fonter, Zeitsehr.f, Biolog., vol. ii. p. 496 : 1875. 

13 
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DOW know that the peptones are, after abaorptioii, r^enoiated 
into proteid. The following experiments show this to be the 
case. 

Plosz * fed a dog ten weeks old for eighteen days on an 
artificial milk, in which the casein and the proteids were re- 
placed by peptones. The animal kept its health on this diet, 
and its weight increased from 1335 to 1836 grms., or 37.5 per 
cent. It is very improbable that the weight could increase so 
much without a corresponding growth of the tissues containing 
proteid, which must therefore have been formed from the pep- 
tones of the food. 

Plosz and Gyergyai * made a second experiment on a M- 
gro^vn dog. The animal was fed for six days on an artificial 
mixture, containing peptone instead of proteid. During this time 
the weight increased somewhat, and the excretion of nitrogen 
was a little less than that taken in. This experiment, again, 
can only be interpreted to mean that proteid had been formed 
from the peptones. 

The proteid stored in the animal tissues may come from two 
sources : from that which has been absorbed unaltered, and 
from that formed by the regeneration of the peptones. But 
what quantitative proportion do they bear to each other? 
How large is the portion of the proteid of the food which is 
peptonized in the intestine? Schmidt-Mulheim * tried to find 
an answer to this in the following manner. He fed six dogs 
on boiled meat, killed them one, two, four, six, nine, and 
twelve hours after the meal, and examined the contents of 
stomach and intestine. In each case he found considerably 
more peptone than dissolved proteid, both in stomach and in- 
testine. It thus appears that the greater part of the proteid 
became absorbed after peptonization. 

What is the fate of peptones after absorption ? They arc 
either not found at all or only in very small amount in the 
blood of digesting animals. Schmidt-Mulheim gives the maxi- 
mum as 0.028 per cent, of serum ; Hoftneister found that it» 
amounted to as much as 0.055 per cent, of the total blood- 
Peptones are not found in the blood of &3ting animals.^ 
might be expected, they cannot be detected in chyle, not evi 



p. Plosz, Pfliiger's Arch., vol. ix. p. 323 : 1874. Compare Maly, ibid.,n 
ix. p. 609 : 1874. 

2 P. Plosz and A. Gyergyai, ibid., vol. x. p. 545 : 1876. 

3 Schmidt-Mulheim, Du Bois' Arch., p. 43 : 1879. 
^ Tbid., pp. 38-42 : 1880; Hofmeister, ZeiUchr. /. pkytioL CA«?i., vol. v. 

149 : 1881 ; and vol. vi. p. 60, et seq. [The small amounts of peptone found 
these observers are due to errors of analysis. The blood of healthy aniin**-^f 
■whether fasting or fed, never contains the slightest traces of proteoses or peptone* J 
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^^lien they are found in the blood.^ If peptone be injected 
into the bloody it passes into the urine,^ and none can be traced 
in the blood after from ten to sixteen minutes.^ Hofmeister 
lias shown also, that after subcutaqeous injection the greater 
part of the peptone — as much as 72 per cent. — ^reappears in 
the urine/ 

As normal urine never contains peptone, the peptone ab- 
sorbed from the intestine must be prevented by some means or 
other from passing into this secretion. The larger portion does 
not apparently enter the general circulation as peptone, but is 
previously converted into proteid. But where does this regen- 
eration of peptone to proteid take place? Is it in the liver? 
If the peptones are considered as decomposition-products from 
proteid, then the formation of proteid from peptone ^vould be 
analogous to the formation of glycogen from sugar in the liver. 
But the portal blood either contains no peptone, or not more 
than arterial blood.'^ 

The only remaining supposition is that the conversion of 
peptones into proteid takes place mostly within the intestinal 
walls. The facts observed by Hofmeister are in harmony with 
this view. He most carefully examined the viscera of dogs 
while digesting, and found that the stomach and intestinal wall 
are the only parts of the body in which a supply of peptone is 
always found during digestion. In most cases small quantities 
of peptones were also found in the blood, and in four out of 
ten cases in the spleen. No peptone was ever detected in any 
other organs or tissues.^ Hofmeister has also shown that the 
peptones are always stored in the mucous membrane, and never 
in the muscular walls of the alimentary canal.^ 

Lastly, Hofmeister has discovered the important fact that 
peptone soon undergoes a change in the gastric and intestinal 
wall.* The stomach of an animal, imm^iately afler it had 
been killed, was divided into two symmetrical halves by in- 
cisions in the large and small curvatures, or else a piece of in- 

* Schmidt-MiUheiin, Du Bois' Arch.^ p. 41 : 1880 ; Hofmeister, Arch.f, exper, 
ft/A. «. Pharm., vol. xix. p. 17 : 1885. 

'P. Plosz and A. Gyaf«Tiu, Pfluger'e Arch., vol. x. p. 552 : 1875; Fr. Hof- 
lOKaHia, Zeittchr, f, phynol, Chem., vol. v. p. 131 : 1881. 

> Schmidt-Miilheim, Du BoW Arch,, pp. 4&-4S : 1880 ; Fano, ibid., p. 281 : 1881 . 
[By the empIoTment of trichloracetic acid as a precipitant for the proteids, it is 
pomble to detect the presence of peptone in blood for as much as two hours after 
its injection into a vein.] 

*Fr. Hofmeister, Zeitschr.f. phytiol, Chcm., vol. v. pp. 132-137 : 1881. 

^Schmidt-Mulheim, Da Bo\b* Arch., p. 43 : 1880. 

* Hofmeister, ZeiUchr.f. phyaiol. Chem.,\o\. vi. p. 51 : 1882. 
' Hofim?i8tt»r, Arch.f. exper. PcUh.u. Pharm., vol. xix. p. 9 : 1885. 
' Hofmeitfter, Zeittschr. f, phynol. Chem., vol. vi. pp. 69-73; and Arch.f, 

aper. Path. u. Pharm., vol. xix. pp. 8-15 : 1885. 
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testine was separated by two incL^ions lengthwise into two eqnil 
portions. The mucous membrane was washed with a dilute 
solution of common salt, one half was thrown at once into boil- 
ing water, whereas the other one was previously put for a little 
time into a moist chamber at 40° C. Far more peptone «as 
always found in the Hrst half than in the second. If tlie 
second half were not placed in the boiling water for two or 
three hours, no peptone was ever found in it. It is for theo- 
logical reasons very improbable that the peptone is further 
split up in the mucous membrane. One can only .suppose that 
the peptone is reconverted into proteid in the mucous mem- 
brane of the digestive canal. That it is a vital process \^ 
rendered probable from a fact observed by Hofineister. If one 
half of the stomach were thrown at once into boiling vrater, 
and the other kept in water at 60° C. for a few minutes before 
being placed for two hours in a temperature of 40° C, the 
amount of peptone proved to be the same in both halves. A 
temperature of 60° C. has been found by experience to destroy 
living animal cells, but not ail unorganized ferments. The 
conversion of peptone into proteid must therefore be brought 
about by the vital functions of the surviving cells of the ex- 
tirpated stomach. 

The following observation, made bySalvioli' in Ludwig's 
laboratory in Leipzig, perfectly agrees with these results of 
Hufmeist^r's. A coil of small intestine, with the piece i* 
mesentery attached, was cut out of a dog that had just b«» 
killed. One gramme of peptone in 10 c.cms. solution m 
placed in the piece of intestine and the ends closed. Then, 
after tying the collateral vessels, a current of warm defibrinawl 
blood, diluted with a solution of common salt, was directeJ 
into a branch of the mesenteric artery and allowed to floff out 
again by the corresponding vein. Whilst the blood circulated, 
the intestine showed marked peristalsis. After the cuiraii 
had lasted four hours, the intestinal contents were examin^ 
and were found to consist of about half a gramme of eoagulahle 
proteid, with mere traces of peptone. Xor was there w}' 
peptone in the blood that had made the circuit. But if pe{*»f 
were added to the blood beforehand, it was always found un- 
altered at the end of the experiment. The peptone therefi"* 
disappears in the intestinal wall on the way from the iti!e£lii»' 
contents into the blood, 

I must now return to an ob.servation on the behavior « 

peptones, and discuss it in somewhat greater d^AiI. W« ht" 

seen that tlie reconversion of peptones into proteid witliia ifc 

< Qnetano Sulriol). Du Bois' Jrek., Sop., p. Ill : ISatL 
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intestinal wall is usually not very complete; a part of the 
peptone generally passes, unchanged by digestion, into the 
blood. Now, what is the further fate and the significance of 
tbis portion ? Why does it not pass into the urine, considering 
tbBt the peptone artificially introduced into the blood does so 
sib once? Hofineister^ remarked this fact, for he calculated 
that the amount of peptone which reached the blood after 
sot)cutaneous injection, and passed into the urine, was much 
less than the quantity that was found in the blood of animals 
•wbile digesting and which did not pass into the urine. Thus 
the peptone that has entered the blood from the intestine be- 
haves differently from that which reaches it in any other way. 
Hofineister explains this fact by saying that the peptone which 
has reached the blood from the intestine is not contained in the 
plasma but in the lymph-cells. The reasons which cause him 
to adopt this view are as follows : 

1. Considerable quantities of peptone are found in pus, 
and, moreover, principally or even exclusively in the pus-cells, 
which are identical with the lymph-cells and the colorless 
blood-corpuscles or leucocytes.^ 

2. When the blood of an animal was examined during 
digestion, the serum was free from peptone ; whereas the upper- 
most layer of the blood-clot, which always exhibits most leuco- 
cytes (compare Lecture XIV.), was found to contain 0.09 per 
oent. of peptone.' 

3. The percentage of peptone in the spleen, which is well 
known to contain leucocyt^ in abundance, was always found to 
be higher than that in the blood of the same animal. 

4. The adenoid tissue, which contains a moderate number 
of lymph-cells in &mishing and hungry dogs, is literally over- 
flowing with them in the case of well-fed dogs.* 

5. The cells in the adenoid tissue of animals while digesting 
show more nuclei undergoing karyokinesis than those of fasting 
animals.^ 

Finally, Hofmeister's pupil, J. Pohl,* has shown that the 

1 Hofineister, ZeiUchr, f, phyaiol. Chem,^ vol. v. p. 148: 1881. 

*Ibid,, vol. iv. p. 274, etaeq. : 1880. 

>7W<i., vol. vi. p. 67:1882. 

*/Wa., vol. V. p. 150 : 1881. 

'Hofineister, Arch, /. exper. Path, u. Pharm.^ vol. xix. p. 32 : 1885. Com- 
pare tlsovol. XX. pp. 291-305 : 1885 ; and vol. xxii. p. 306 : 1887. [These obser- 
▼itioDs of Hofmeifter's possess now little more than historic interest, as the pei>- 
tooe he discovered in the blood was certainly produced during his manipulations 
^ the purposes of analysis. The i>eptone found in the spleen has been shown 
Ittdy by Hedin to be due to the presence in the cells of this organ of a sjiecial 
pntoolytic ferment, which resembles trypsin in the products of its action, but 
'Bqnires an acid medium.] 

* Jalins Pohl, ibid,, vol. xxv. p. 31 : 1888. 
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number of leucocytes in the blood iucreases during the dige 
of food rich in proteid, but not during the absorption of Cf 
hydrates^ fats^ salts, and water. Pohl has also shown that 
increase of leucocytes proceeds from the intestinal wall 
there was always a much larger number in the intestinal i 
than in the corresponding arteries. 

Thus it appears that the lymph-cells serve not only at 
means of transport for the peptones in the blood-curr^it ; 
increase and growth seem to be intimately connected witli 
absorption and assimilation of nitrogenous food. As the i 
ber of leucocytes in our body is always the same, it fol 
that, as the proteid becomes absorbed and new cells are 
duced by division, a corresponding amount of old lymph- 
must die off and decay. This perhaps partially expkum 
above-mentioned &ct, that the absorption of large quantiti 
proteid is followed by rapid destruction of a correspon 
amount of proteid. 

At the same time, we are not bound to assume that al 
peptone which disappears in the intestinal wall is reoonv< 
into proteid in the lymph-cells of the adenoid tissue, and 
this reconversion takes place only through the assimila 
growth, and division of lymph-cells. Heidenhain * has a 
attention to the fact that the nuclei undergoing karyokines 
the lymph-cells of adenoid tissue are not sufficiently numc 
to justify such a conclusion. He considers that the re 
version of the peptones into proteid may occur to a 1 
extent in the epithelial cells, which then surrender it to 
blood-plasma of the capillaries forming a network around 
intestinal villi, immediately below the epithelial cells. 

We must now consider what happens to the peptone w 
has reached the blood from the intestine. As already i 
tioned, it very soon disappears from the blood, without paf 
into the urine. Where does it undergo a change ? 
conversion does not take place in the blood itself. HofmeL 
took two samples of blood from the carotid of a dog during 
process of digestion. The first was immediately tested 
peptone ; the second was kept for two and a half houi 
37° C. before being tested. The amount of peptone was f< 
to be exactly the same in both cases. Hofmeister also 
bare to the utmost extent the carotid and crural arteries 
living dog, applying ligatures above and below as well as U 
lateral branches. After half an hour the pieces of artery w 
had been tied were taken out and their contents remc 

' Heidenhain, Pfluger*8 Arch.^ Suppl., vol. xli. pp. 72-74 : 1888. 
' Hofmeister, Arch, /. exper. Path, u, Pharm,, vol, xix, p. 23 : 1885. 



THE PATHS OP ABSORPTION 199 

PeptoDe was found in them. It does not therefore disappear 
in the bloody and most consequently pass into the tissues from 
the capillaries.^ [It can^ in fact, be detected in the lymph 
flowing from the thoracic duct within half a minute of its 
injection into the blood-stream.1 

Armed with this knowlec^e concerning the behavior of 
peptones in the body^ we are now in a position to explain the 
nidierto enigmatic appearance of peptone in the urine in cer- 
tain forms of disease. We have seen that the peptones pass 
into the uiine as soon as they reach the blood by some other 
means than from the intestine. This is obviously the case in 
aU those pathological processes in which peptonuria occurs. 
Ph)bably in all such cases there is a pathological disintegration 
of necrotic tissue, as the result of which peptone is formed and 
is absorbed into the blood ; ' as for instance in those diseases 
in which there is a considerable accumulation and decomposi- 
tion of pus — ^in empyema, purulent peritonitis, pyelitis, in some 
oases of phthisis with large cavities, and the like. The appear- 
tnoe of peptone in the urine in the stage of resolution of 
croapous pneumonia may be explained in a similar manner : 
the peptone reaches the blood when the exudation in the lung 
is absorbed. As a matter of fact, Hofmeister was able to 
demonstrate the presence of a considerable quantity of peptone 
in the infiltrated pneumatic lung. 

^Hofmeister, Areh.f, exper. Path. i«. Pharm., vol. xix. p. 30 : 1885. 

'E. Maixner, Prager VierUlj., vol. cxiiii. p. 75 : 1879 ; Hofmeister, Zeitschr, 
f'PhvtM, Chem,, vol. iv. p. 2«5 : 1880; R. von Jaksch, Zeitschr,/. klin, Med,, 
▼QLTi.p. 413 : 1883; H. Pacanowski, iHd,, vol. ix. p. 429 : 1885. 
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THE BLOOD 



Having followed the course of the food-stuflFs as far as their 
entrance into the blood, we will now proceed to consider the 
blood itself. 

The first thing that strikes us when we b^in to ezamme 
the blood, and that which offers the greatest difficulties to 
chemical analysis, is the phenomenon of coagulation. As soon 
as the blood leaves the vessels of the living animal, a part 
of the proteids passes from the apparently soluble into the 
coagulated condition. The quantity of this colloid substance, 
commonly called fibrin, is relatively very small. It does not 
usually exceed from 0.1 to 0.4 per cent, of the weight of 
the blood. Nevertheless the passage of this small amoont 
into the coagulated state converts the whole blood into a won 
or less solid jelly-like mass. On standing, this mass ccmtracts, 
sometimes to half of its original volume, and squeezes out the 
contained fluid, whilst the corpuscles are almost wholly retainei 
Thus the coagulated blood separates into clot and senim. 
Serum is therefore plasma minus fibrin ; the clot consists of the 
closely packed blood-corpuscles, with a small residue of seram 
and the coagulated proteid, or fibrin. 

If, however, the blood be beaten with a glass rod whilst 
coagulation is proceeding, the coagulating substauce attaches 
itself to the rod in the form of small fibrous masses, 
which coalesce with one another, and contract round the 
rod so that they can be removed with it. In this way 
so-called defibrinated blood is obtained, which remains flaid, 
and consists of serum with blood-corpuscles suspended in 
it. When we remember how great a tendency to pass into 
a coagulated modification is shown by all colloid bodies, 
the phenomenon of coagulation ought uot to surprise os. 
Moreover, it is by no means a peculiarity of the blood. Lymph 
and chyle are likewise coagulable. Tlie appearance of rigc^ 
mortis in dying muscle depends upon an essentially sinulBr 
process, and it is probable that tiie death of every living 
vegetable and animal tissue is accompanied by a passage 
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af a p&rt of the proteid oonstituents from the fluid to the 

i^oagulated state. Coagulation of the blood is therefore not 

3, Tital process — it indicates the commencing dissolution of the 

cluing blood ; hence it might be thought that the subject of 

■iigulation was beyond the scope of physiology. 

The coagulation of the blood however subserves a very 

iportant process ; it greatly aids in preventing bleeding when 

blood-vessel is injured, and so far it may be considered as 

physiological process, one of the means of self-preservation 

by the organism. 

The nature and causes of coagulation possess an extreme 

terest from a pathological point of view. For it is well 

>wn that, under certain pathological conditions, coagulation 

the blood takes place in the vessels during liie ; and this 

leads to disturbances of the most vari^ character, and 

17 be a cause of death. 

Hence it is a question of great importance to know what 

Luses the blood to remain fluid under normal conditions in the 

-easels during life ; what the exact nature of the whole process 

; what the substance is which separates out ; and what the 

LUses of its separation are. In spite of many researches, we 

not yet in a position satisfactorily to answer this question. 

le little that is positively known we will consider in detail. 

of all, we know that the contact of the blood with the 

zkormal living vessel- wall prevents coagulation.* If, in a living 

SLEumal, a blood-vessel be tied at two points, the enclosed stag- 

x^ating blood does not coagulate for several hours, but it does so 

^vcry quickly if it be allowed to escape from the vessel. 

Brucke showed that the blood in the heart of the tortoise 

remained fluid after the heart had been removed from the body, 

'when the vessels had been tied. If minute glass tubes were 

inserted into some of the vessels, so as to fit them exactly, 

and to prevent the blood from coming into contact with the 

wall of the vessel, it was found that the blood clotted in these 

tabes, but remained fluid elsewhere, in the other vessels and 

in the heart. Indeed, Brucke observed that any foreign body 

introduced into the blood became covered with a layer of 

fibrin. 

When a vessel is ligatured, the blood after a time coagulates 
fi^om the point ligatured down to the first branch given ofl^ from 
the vessel. The coagulation always starts from the ligatured 
spot, where the endothelium of the vessel is injured. It may 
also be supposed that the whole endothelial lining, from the 

^ E. Bracke, Virchow's Jrc*., vol. xii. pp. 81, 172 : 1867. 
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injured spot to the first branch, is altered and no longer normal, 
since it does not obtain the usual amount of specific nutriment 
in consequence of the stagnation of the blood. 

In this way the occurrence of thrombosis, in consequence 
of atheromatous degeneration of the lining membrane, or as the 
result of the compression of the vessel by a new growth, &c., 
may be explained.^ 

We know fiirther that the coagulation of the blood is 
constantly preceded by the death and breaking up of the 
white blood-corpuscles. It would appear that in some way 
or other the products of the breaking down of leucocytes 
enter into the formation of the clot.^ Mant^azza pointed 
out that only those fluids are spontaneously coagulable which 
contain leucocytes, such as blood, lymph, and pathological 
transudations,^ and that the fluids lose their power of clotting 
as soon as the leucocytes can be removed. Johannes MuUer* 
had shown that, if frog's blood be diluted with a solution of 
sugar and filtered, the large red blood-corpuscles remain in 
the filter, whereas the filtrate coagulates. Johannes Muller 
therefore concluded that the coagulating matters arise from 
the plasma. But Mant^azza showed that the small and 
sofl colorless blood-corpuscles get through the filter paper 
in this experiment, and that if the colorless corpuscles 
retained by the use of very fine filter paper, the filtrate is not 
coagulable.* 

When Mant^azza drew a silk thread through the vein of 
living animal, he found that in two minutes it was covered wil 
leucocytes, and some fibrin, which was commencing to 
round them. If the experiment lasted longer, the threac^^d 

^ On the origin of thrombi vide Virchow's researches in his ** Gesammelte 
Abhandlnngen zur wissenschaftlichen Medicin," pp. 5^732 : Frankfurt a. M 
1856; further F. W. Zahn, Virchow's ^rcA., vol. Ixii. p. 81 : 1875; and J. 
Eberth and C. Schimmelbasch, Virchow's Areh,^ vol. cili. p. 39 : 1886 ; and 
cv. pp. 331, 456 : 1886. A general survey of the literature of the subject is giv 
here. 

' The view that fibrin arose from the breaking up of the leucocytes was fi 
adopted by William Addison, London Medical OaietUy new ser., vol. i., for 
session 1840-1841, pp. 477, 689; and by Lionel Beale, Quar, Joum, of Mh 
Sdmct, vol. xiv. p. 47: 1864; subsequently by Paolo Mantegazza, ** Rioere^ 
sperimentali suIP origine della fibrina e sulla causa della coagulatione cSe/ 
sangue *': Milnno, 1871. A complete account of this work, by Boll, appeared Jo 
1871, in the Centralbl. /. d. med. Wissensch,, p. 709 ; and in 1876 HantegazK^ 
published his work in German in Moleschott's Untertuch, t, NalurUhre deiJH^m' 
Bchen u. der Thiere, vol. xi. pp. 523-577. Compare E. Tiegel, ** Notiaen ulMr 
Schlangenblut," Pfluger's Arch,, vol. xxiii. p. 278 : 1880. 

3 Mantegazza, Moleschott's Untermch. z, Naturlehre, vol. xi. pp. 553, 557. 

** Johannes Muller, ffandb. d, PhyHoL des Mentchen, 4th edit., vol. i. p. l(H : 
Coblentz, 1844. 

* Mantegazza, he. riV., p. 556. 
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l^ecame sarrounded with a stroDg white ooagulum^ which was 

al 'ways crowded with leaoocytes. Other foreign bodies intro- 

dixced into the blood-current behaved in the same manner^ and 

/zxoreover the rougher their surface the more extensive was 

tJ:m« ooagulum, and the more readily did the leucocytes attach 

tSm^mselves to it. No ooagulum formed round a smooth thin 

|:>X^tinum wire.^ 

Zahn ' made similar experiments with the same result. If 
Im^^ introduced small glass rods with smooth surfaces into the 
iB^sart of a living animal, no clot was produced. But if he 
ncz^ughened the rod with a file before insertion^ a ooagulum 
{;c>xm6d on the uneven surface. Zahn showed further that a 
g-Ki^uping together and breaking up of leucocytes always pre- 
(^^^es formation of a thrombus. 

Finally, Alexander Schmidt has carried out very extensive 
s:^q>eriments on the relation of colorless blood-corpuscles to 
(coagulation.' He found that horse's blood was very suitable 
foT this purpose, being possessed of two peculiarities in which 
vt differs from the blood of other animals hitherto examined : 
firstly, it clots more slowly ; and, secondly, the red blood-cor- 
puscles sink far more rapidly. It is thus possible to remove 
the plasma which remains after the red corpuscles have sunk 
to the bottom, before coagulation sets in. By the use of cold, 
clotting is still further delayed. If the blood be allowed to 
run from a horse's vein straight into a vessel surrounded with 
ic€, the red corpuscles fell completely to the bottom, and the 
specifically lighter colorless cells, which sink more slowly, 
form a layer over the red corpuscles (buffy-coat). The larger 
portion of the plasma can now be removed and filtered. The 
colorless cells remain in the filter, owing to the solid con- 
sistency acquired in the cold, which prevents their accommo- 
dation to the form of the filter-pores and their consequent 

* ]fantegazza, Moleschott's Unlersuch, z. Naturlehre^ vol. xi. pp. 558-563. 

•F. W. Zaht; loc, cU,, pp. 104-112. 

'Alexander Schmidt has published an account of the main facts of his com- 
preheDsive researches, with the title, ** Die Lehre von den fennentativen Gerin- 
DungserscheinuiiKen in den eiweissartigen thierischen Korperfli'issigkeiten " 
(Dorpat, C. Mattiesen, 1876). Alexander Schmidt's more recent investigations 
on the coagulation of the blood are contained in the dissertations by his pupils 
for their doctorate : — **L. Birk and J. Sachsendahl, 1880; N. Bojanua and Ferd. 
Hoffmann, 1881 ; Ed. von Samson-Himmelstjema and N. Heyl, 1882 ; H. Feiertag, 
F. Slevogt, Fr. Rauschenbach, and Ed. von Gotschel, 1883; O. Groth and W. 
Grohmann, 1884; and Jacob von Samson-Himmelstjerna, 1885. Compare O. 
Hammarsten, Pfliiger's JrcA., vol. xiv. p. 211 : 1877; and vol. xxx. p. 437 : 1883; 
L. FrM^ricq, Bullet, de, VAcad, roy. de Belg.y s^r. ii. t. Ixiv. No. 7: Juillet, 
1877; iinn. de la Soc. de Mid, de Oand. : 1877 ; *' Recherches sur la constitution 
. ^^ pUsma sanguin,*' Gand, Paris, Leipzig, 1878 ; and L. C. Wooldridge, " The 
Natare of Coagulation," 1888. 
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passage ; and a pure clear plasma is obtained as filtrate, which 
DOW clots very slowly and yields a very slight coagnlum. If 
leucocytes from the filter be added to this pla-sma, abundant 
coagulation takes places. If all the blood, the coagulation of 
which had been prevented by cooling, lie allowed to clot at the 
temperature of the room, tie firmest coagnlum occurs in the 
buHy-foat. 

My Dorpat colleague has repeatedly been so kind as to 
show me these ex|)erimeuts with the un coagulated horse's 
blood. The amount of leucocytes is most surprising. They are 
undoubtedly far more numerous than in defibrinated blood- 
But the extraordinary variety of the forma is still more 
astonishing; from the small^ colorless corpuscles, with a 
diameter hardly greater than that of the red corpuscles, such 
as one is accustomed to sec in dcfibrinatcd blood, to the lai^ 
granulated yellowish cells with nuclei, and a diameter of more 
than double — (Schmidt's granule masses).' After complete 
coagulation, these granule masses disappear. Schmidt and his 
pupils say that they have watched their breaking up into | 
minute granules,' and the gradual change of the latter into 
the fibrin-coagulum, under the microscope. These grannie 
masses, and the transitional forms between them and the 
ortlinary colorless blood-corpuscles, appear to be much les 
numerous and to break up more rapidly in the bhxxi of other 
mammals, so that it is difficult to obtain a view of them under 
the microscope.* 

We are unable at yet to decide whether the di&ri* trf 
leucocytes are themselves a part of the material which forma 
the congulum, or whether certain products of decomposition, 
resembling ferments, give the impulse for the passage of 
certain protcida of the plasma into the coagulated modifica- 
tion. 



' A dingnim of thrsc Knurnl? mB»ea and their prodacM of de<Mmp(i*iIi<Hi it I 
given In the DissertalioD of George Semmer, " Ueber de FasentoffbUdaiic ia J 
Amphibien- und Vogelblute und die Eatatehnng der ralheD Blutkorpereheo 
Sfiugethiere " : l>oriMit. Mattiesrn, 1874. 

* Huil^puia also noticed the gnuiulea in the plasma from hone's blood {IM. 
ri(„p.M3). 

' With the aid nf the improved mivroseopM, smnll gmnulcn und " Platlcben" 
have recently been ditcovered in the blood, vhich are coniidered ta be form- 
elements, «nd are supposed to i«rtinipale in the raagnlution of the blood. 
Alexander SehmidlexplHinB theae Btruelui«B an being the dlbrii of his gnuate 
muaefl. In this couneelion ndi Q. Hnyem, Compt. rend., vol. IustL p. 58: 
1878; J. BiMotere, Virchow's Arch., toI. kc, p. 261: 1862; H. Loirit, Stlnn^kr. 
der WieHtr Atail., vol. Ixxxix. p. 270; uid vol. ze. p. SO : lg$4 ; ftod L. C- 
Wooldridge, in the " Beilrnge lur Phjiiologie, Carl Lndwig lu seinem defasg- 
sten Oeburtiti.ge gcwidmei von teioen Scfauleni," p. 221 : Ldpdc Vogd, ^ 
1SS7. 
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The following observation must be cited as being particu- 
larlj important. It appears that a part of the substances 
which excite coagulation remains in the blood after the 
separation of the fibrin. Alexander Schmidt showed that^ if 
ddibrinated blood or serum be added to lymph or to serous 
tiansudations, which coagulate very slowly of themselves^ and 
give very little fibrin, the fluid would soon be entirely con- 
verted into a gelatinous mass. The fluids of the pleural and 
the pericardial cavities of human beings and of horses are 
Qsually quite firee from lymph-cells, and therefore uncoagu- 
lable. But they coagulate on the addition of blood-serum. 
The &ct that coagulation occurs in the vessels aft;er the trans- 
^ion of defibrinated blood is capable of the same explana- 
tion. Armin K5hler^ showed that if blood were taken from 
& rabbity defibrinated, and then injected into the vessels of the 
ssune animal, death ensued owing to clotting in the vessels. 
^€>T this reason, the therapeutic use of transfusion has fallen 
^to disuse.' An important contribution to the explanation of 
Wood-clotting has been afibrded by Arthus and Pag^s,^ who 
^^ve shown that coagulation is prevented if a]l the lime salts 
^ precipitated from the plasma by the addition of a small 
9.^Uuitity of sodium oxalate or fluorid.^ 

From these remarks on the coagulation of die blood it 
**^y be seen what difficulties have to be encountered in the 
^Hemical examination of the blood, and especially in any 
attempt to obtain a separate quantitative analysis of plasma 
^^id of blood-corpuscles. 

The pure unaltered plasma, as procured from horse's blood, 
^ooording to Alexander Schmidt's method, has never been 
^^lalyzed. The serum has been analyzed, and the composition 
Of the plasma has been deducted from that of the serum. It 
^as considered that the composition of the plasma was ascer- 
tained when the fibrin was added to the serum. But we now 
Icnow that the calculation is not so easy. AVe do not know 
Mrhich constituents of the plasma take part in the coagulation, 
tior which products of the decomposition of lymph-cells pass 

> Armin Kohler, " Ueber Thrombofle und Transfusion, Eiter und septische 
injection, n. deren Besiehiingen zam Fibrinferment '' : Dorpat, 1877. 

* £. Ton Bergmann has published, in the form of a lecture, a very interesting 
Recount and criticism of the literature on the transfusion of blood, ** Die Schick- 

der Transftuion im letiten Decennium '' : Berlin, Hirschwuld, 1883. Com- 
I A. Landerer, Virchow's Areh,^ vol. cv. p. 351 : 1886. 

*M. Arthus, "Becherches zur la coagulation du sang,*' ThC'se, Paris, 1890. 
.Arthus and Fagte, Arch, de PhymoL norm, tt path,, vol. xxii. p. 739 : 1890. 

* [For discussion of the more recent work and views on the nubject of the 
coagulation of the blood, the reader is advised to consult the article on this sub- 
ject in Sh&fer's " Text-book on Physiology," vol. i.] 
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into the serum. We do not know what should be removed 
from or what added to the serum in order to determine the 
composition of the plasma. 

We are met by insuperable difBculties in the endeavor to 
free the red blood-corpuscles from the serum, imd to analyze 
them in a pure state. The means adopted by chemists to 
separate a precipitate from a solution cannot be used in this 
case. The large blood-corpuscles of amphibia may be collected 
on the filter, but not those of mammals. This is not due to 
their minuteness; for they are far larger under the microscope 
than, for instance, the crystals of a precipitate of sulphate of 
barium or oxalate of lime, which do not go through the filter. 
The red blood-corpuscles pass through the filter, because, 
owing to their soil and yielding consistency, they adapt them- ^ 
selves to the form of the filter-pores. The method of decanting^ 
remains as a last resource, but this alone does not suffice, ancK 
must be followed by washing ; but what liquid will serve fo^ 
this purpose? The usual medium, water, cannot be employee^ 
in this case, for as soon as the red blood-corpuscles come int^:: 
contact with water, the red coloring matter, hemoglobins^ 
is dissolved. Now, as this forms the chief constituent of 
red corpuscles, nothing remains but so-called stromata, 
duced, pale, round, very feebly refractive, specifically lig 

If, instead of water, a dilute salt solution of a oerta_. 
concentration be employed, i. e., from 1| to 3 per cent. «^ 
sodium chlorid, no change in the corpuscles apparent un 
the microscope takes place. If the solution of salt is stron 
they shrink ; if more dilute they swell, and lose some of th 
hemoglobin in it. 

By thus decanting and washing with dilute salt solutioii 
the blood-corj)uscles of defibrinated blood can be complet^^ 
separated from all the constituents of serum. But do tbcj 
retain their original constitution?. May not the salt or tie 
water pass into the blood-corpuscles ; and, on the other hand, 
may not constituents of the blood-corpuscles have passed into 
the salt solution by osmosis ? We can only be certain of one 
thing, and that is, that no hemoglobin has escaped, as this 
would be at once discovered by its brilliant color. It is 
likewise extremely probable that the genuine colloid sub- 
stances, the proteids, which diffuse with great difficulty, do 
not quit the blood-corpuscles. We are therefore in a poeition 
to form a quantitative estimate of the quantity of hemoglobin 

^ For the properties and constitution of the stromata, vide L. C. Wooldridfe ^ 
Du Bois' Arch,, p. 387 : 1881. 
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and of proteid in the corpuscles of a definite amount of 
6iood. If moreover the quantity of hemoglobin and of 
iteid in the total blood, and the amount of proteid in the 
y be estimated, we are in possession of all the figures 
to compute the proportion that the weight of the 
bears to that of the blood-corpuscles in the total blood. 
This is the method of quantitative analysis of the blood 
iposed by Hoppe-Seyler.^ An example will serve to ex- 
lain the method of computation.' 

In 100 grms. of defibrinated pig^s blood were found — 

(b\ 18 88 I™®*"** 18.90 proteidfl-f hemoglobin. 

the blood-corpuscles of 100 grms. of the same blood were 
found — 

a) 15.04 ) 

6) 15.13 Vmean: 15.07 proteids + hemoglobin. 

[c) 15.05 j 

the serum of 100 grms. of blood — 

18.90 — 15. 07 = 3.83 grms. proteids. 

In 100 grms. of serum — 

it) 6 79 }*^®"^' 6.77 proteids. 

From this the amount of serum in 100 grms. of defibrinated 
blood may be computed — 

3.83 

2r==' 100 = 56.6 per cent serum. 

0.77 

100 — 56.6 = 43.4 per cent blood-corpuscles. 

An analysis of the total blood and another of the serum 
is DOW all that is necessary to enable us to compute the exact 
proportion of each constituent in defibrinated blood. 

In order to prove the reliability of this method^ I deter- 
mined the proportion of the serum to the corpuscles in the 
same blood by another method. We are in fact able to 
estimate this proportion, as soon as we are in a position to 
ascertain accurately that any one of the constituents of the 
senun does not occur in the corpuscles. This is the case 

^Hoppe-Seyler, " Handb. der physiol. u. pathol. chemisch. Analyse/' J 272, 
5th edit., p. 441 : Berlin, Hinchwald, 1883. This method is rendered mach more 
ample by the use of the centriftige {vide L. von Babo, Liebig's Annal., vol. 
Ixxxil p. 301 : 1852); without this, the repeated sinking of the blood-corpuscles 
for the purpose of decanting the fluid would necessitate a process occupying sev- 
eral weeks, and even at a low temperature decomposition and escape of hemo- 
^obin would be unavoidable. 

'G. Bunge, " Zur quantitativen Analyse des Blutes,'' ZeiUchr, f, Bxolog,^ 
yroh xii. p. 191 : 1876. 
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with sodium in some kinds of blood. It was rendered prob- 
able by the earlier experiments of C. Schmidt ^ and of Hoppe- 
Seyler's pupil, Sachaijiny' and the following analyses made 
by myself put the matter beyond all doubt. 

If defibrinated pig's blood be acted on by the centriibgal 
machine, the red corpuscles separate from the serum as a 
thick paste, which is found to be very poor in sodium. It 
contains seven times less sodium than the serum. Supposing 
the deposit to OHitain only one-seventh of its total bulk of 
serum, this would suffice to cover its whole amount of sodium. 
Now, there was no difficulty in determining by the microscope 
a considerable amount of interstitial fluid among the cor^^ 
pnscles. If the blood-corpuscles contain any sodium at alV 
it must be present in exceedingly minute quantities, and n^^ 
should commit no serious error in determining the quantity ^^f 
serum in blood, by calculating it from the amount of sodict^ 
in the blood and the serum. 

The analysis and calculation gave the following results :^ 

In the total blood — 

[b) 02m }™«^- 0.2406 per cent Na,0. 

In serum — 

(6) a 4^ jmeMi: 0.4272 per cent. Na,0. 

0.2406 

r^A^.2 X 100 = 66.3 per cent senun. 

100 — 56. 3=: 43. 7 per cent blood-corpuscles. 

The numbers agree remarkably with those obtained for the 
same pig's blood by Hoppe-Seyler's method. 

In the case of the blood of the horse, I made an analysis 
according to Hoppe-Seyler's method, and found 46.5 per oeot 
serum, and 53.5 per cent, corpuscles ; by means of the sodium 
calculation, the result was 46.9 per cent, of serum, and 53.1 
per cent, of blood-corpuscles. This correspondence cannot 
be accidental. We must conclude from it (1) that Hoppe- 
Seyler's method gives correct results; and (2) that in the 
blood of the pig and the horse, the sodium occurs only in the 
plasma. 

Unfortunately the latter conclusion is not true for all 
varieties of blood. In dog's and bullock's blood the corpuscles 
contain sodium as well as the serum. The easy and exacst 
method for determining the relative proportions of corpusd* 

^ C. Schmidt, ** Charakteristik der epidemischen Cholera " : Leipiig 
Mitau, 1850. 

« G. Sachaijin, " Zur Blatanalyae/' Virchow's Areh., vol. xxi. p. 387 : 1 
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and semm by means of the amount of sodium is in so far 
of very great value, as it enables us to put to the proof other 
methods which are applicable to all varieties of blood. 

In the following tables the results of my analyses of blood 
are given : — 



One THOueAND Grammes of Defibrinated Blood Contain- 





Pio. 


H0B8B. 


Bullock. 




43&8COB. 


66S.2 


581.6 Cos- 


468.6 


818.7 Cor- 


681.3 




PU8CLX8. 


Skbum. 


PU8CLES. 


Serum. 


puscles. 


Serum. 


Witer 


276.1 


517.9 


323.6 


420.1 


191.2 


622.2 


8oUd8 


160.7 


45.3 


207.9 


48.4 


127.5 


59.1 


Proteid and hemo- 














globin . . . 
Other organic sub- 


151.6 


38.1 


— ^ 


— 


123.6 


49.9 


stanccB . . 


6.2 


2.8 




— . 


2.4 


3.8 


hiopganic snbstancea 


3.9 


4.3 


— 


->— 


1.5 


5.4 


K,0. 


2.421 


0.154 


2.62 


0.13 


0.238 


0.173 


^a,0 





2.406 





2.08 


0.667 


2.964 


&0 





0.072 


— ^ 


^_- 


_ 


0.070 


^gO 


0.069 


0.021 


.^ 


^^ 


0.005 


0.031 


^e,0, . ... 


— . 


0.006 




— 




0.007 


CI 


0.657 


2.034 


1.02 


1.76 


0.521 


2.532 


^6, 


0.903 


0.106 


— 


— 


0.224 


0.181 



*^t>teid and heme- 
^oeT organic sub- 



r«t 



stances 



organic sabstancea 






One thousand gnrammes CoR- 


PUBOLBS contain— 


Pio. 


HORSB. 


Bullock. 


632.1 


608.9 


599.9 


367.9 


391.1 


400.1 


347.1 


— 


387.8 


12.0 


^.^ 


7.5 


8.9 


— . 


4.8 


5.543 


4.92 


0.747 








2.093 





— 





0.168 




0.017 


1.604 


1.93 


1.635 


2.067 


— 


0.703 



One thousand grammes 
Serum contain— 



919.6 
80.4 



67.7 




3.611 

0.188 



Bullock. 



913.3 

86.7 

73.2 



5.6 

7.9 

0.254 

4.351 

0.126 

0.045 

0.011 

3.717 

0.266 



£. Abderhalden^ has carried out two complete analyses 
^^ blood according to this method. 

/£. Abderhalden (Bnnge's laboratory), Zeitschr, /. phyaiol. Chem,^ vol. 
■'. p. 621: 1897. 

14 
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LECTITBE XIV 



In Older to give an idea of the composition of homan bloody 
I subjoin the analysis of my revered teacher, Carl Schmidt^^ 
one that has not yet been surpassed, though it may be 
remarked that the method employed gave too high an 
estimate for the corpuscles in proportion to the volume of 
blood. 



BLOOD OF A MAN TWENTY-FIVE YEARS OF AGE. 



One Thousand Grammes of Blood. 



618.02 BLOOI>-GORPCBCLES. 

Water 349.69 

Substances not vaporizing at 
120*> 



Hematin ... 
' Blood casein,' etc 
Inoiganic constituents 



Chlorin . 0.898 

Sulphuric acid 0.031 

Phosphoric acid 0.695 

Potassium 1.586 

Sodium 0.241 

Phosphate of lime .... 0.048 

Phosphate of magnesium . 0.031 

Oxygen 0.206 



163.33 

7.70 (including 0.512 iron) 
151.89 
3.74 (excluding iron) 



Chlorid of potassium . 

Sulphate of potassium . 

Phosphate of potassium 

Phosphate of sodium . 

Soda 

Phosphate of lime . . 

Phosphate of magnesium 

Total . . , 




3.73^ 



486.98 INTEBSTITIAL FLUID ( PLASMA). 

Water • • • 439.02 

Substances not yaporiung at 
120** 47.96 



Fibrin 3.93 

'Albumin/ etc 39.89 

Inorganic constituents ... 4. 14 

Chlorin 1.722^ 

Sulphuric acid 0.063 

Phosphoric acid . . 0.071 

Potassium 0.153 

Sodium 1.661 

Phosphate of lime .... 0.145 

Phosphate of magnesium . 0. 106 

Oxygen 0.221 



> = ' 



'Sulphate of potassium 
Chlorid of potassium 
Chlorid of sodium 
Phosphate of sodium 

Soda 

Phosphate of lime 
Phosphate of magnesium 

Total 




Specific Gravity = 1.0599. 



^0. Schmidt, " Charakteristik der epidemischen Cholera," pp. 29, 
Leipsig and Mitau, 1850. 
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) OF A MAN TWENTY-FIVE YEARS OF AGE— (ctmimued). 

tAini»« OF BL00O-00BPU8CUE8. 

681.63 

loes not vaporiziiig at 

• • . • • • 0X0*0/ 



in 15.02 (including 0.998 iron) 

-casein/ etc. .... 296.07 

lie constituents . . . 7.28 (excluding iron) 



I 1.750^ 

ricacid 0.061 

loric acid 1.355 

am 3.091 

I 0.470 

ate of lime ..... 0.094 

late of magnesium . 0.060 

0.401 



Sulphate of potassium . . 

Chlorid of potassium . . 
Phosphate of potassium 

Phosphate of sodium . . 

OvVlS • • • • • 

Phosphate of lime . . . 
Phosphate of magnesium 



1 • ■ • 

Total of inorganic constituents (exclnsiYe of iron) 
Specific Gravity = 1.0886. 



0.132 
3.679 
2.343 
0.633 
0.341 
0.094 
0.060 

7.282 



BAMMES OF IKTBRSTITIAL FLUID (PLASMA). 

. 901.51 

ices not vaporizing at 

. 98.49 



liU)' etc . . . 
die constituents 



ric acid , 
toric acid 
am 



8.06 

81.92 

8.51 

3.6361 

0.129 

0.145 

0.314 

3.410 

0.298 



late of lime 

late of magnesium . 0.218 

1 0.455, 

Total of inorganic constituents 

Specific Gravity = 1.0312. 



'Sulphate of potassium 
Chlorid of potassium 
Chlorid of sodium . 
Phosphate of sodium 
Soda . . . . 

Phosphate of lime . 
Phosphate of magnesium 



0.281 
0.359 
5.546 
0.271 
1.532 
0.298 
0.218 

8.505 



:000 GBAMJiBS OF SERUM. 



908.84 



ices not vaporizing at 



in, etc 

oic constituents . 



91.16 

82.59 
8.57 



1 3.5651 

iric acid . . . . 0.130 

loric acid 0.146 

;Um 0.317 

1 3.438 

late of lime .... 0.300 



> = < 



liate of magnesium . 0.220 

n 0.458, 

Total of inorganic constituents . 

Specific Gravity = 1.0292. 



Sulphate of potassium . . . 0.283 

Chlorid of potassium . . . 0.362 

Chlorid of sodium .... 5.591 

Phosphate of sodium . . 0.273 

Soda 1.546 

Phosphate of lime . . 0.300 

Phosphate of magnesium . 0.220 

. . 8.574 



I 
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LEcruBE xrv 



BLOOD OF A WOMAN THIRTY YEARS OF AGE. 
One Thousand Gbamhes of Blood. 

896.24 BLOOD-OORPUSCLB8. 

Water ... . . 272.56 

Substances not yaporizing at 



120* 



Hemati 



Lematin . 
* Blood-caBein,' etc . . 
Inorganic constitaents . 



123.68 

6.d9 (including 0.489 iron) 
113.14 
3.56 (excluding iron) 



Chlorin 0.6431 

Sulphuric acid . . . 0.029 

Phosphoric acid 0.362 

Potassium . . ... 1.412 

Sodium . . .... 0.648 

Phosphate of lime ... 1 

isium J 



'Sulphate of potasdum . . 
Chlorid of potassium 
Phosphate of potaasium . 
Potash 

ooua ... a • . • ' 

Phosphate of lime . . . ) 
Phosphate of magnesium j 



Phosphate of magnesium / ^'^^^ 
Oxygen . . . . 0.370 

Total of inorganic constituents (excluding iron) . 

608.76 INTBB8TITL4L FLUID (PLASMA). 

Water .... . 551.99 
Substances not vaporizing at 
120° 51.77 




Fibrin ... 

Albumin, etc . . 
Inorganic constituents 



1.91 

44.79 

5.07 



Chlorin 2.2021 

Sulphuric acid 0.060 

Phosphoric acid . 0. 144 

Potassium ... . . 0.200 

Sodium 1.916 

Phosphate of lime . . .1 q qqo 
Phosphate of magnesium j 

Oxygen 0.211J 



> = < 



'Sulphate of potassium 
Chlorid of potassium 
Chlorid of sodium . 
Phosphate of sodium 
Soda . . . 

Phosphate of lime . 
Phosphate of magnesium 



0.1. SI 
0.2^0 

C! 
0. 



}»• 



Total of inorganic constituents 5. 

Specific Gravity = 1.0503. 



1000 GRAMMES OF BL00D-CBLL8. 

Water •. ; • • 687.88 

Substances not vaporizing at 
120*» 312.12 



Hematin 18.48 (including 1.229 iron) 

'Blood-casein/ etc 284.68 

Inorganic constituents ... 8.96 (excluding iron) 



> = < 



Chlorin 1.6231 

Sulphuric acid 0.072 

Phosphoric acid ..... 0.913 
Potassium . . .... 3.565 

Sodium 1.635 

Phosphate of lime . . . ) q nig 
Phosphate of magnesium j 
Oxygen 0.933J 

Total of inorganic constituents (excluding) 
iron of hemoglobin) / 

Specific Gravity = 1.0883. 



Sulphate of potassium . . . 0. 157 

Chlorid of potassium . . ^ ^Xi 

Phosphate of potassium . . 2.106 

Potash O.BS7 

Soda 2.^05 

Phosphate of lime • • • 1 q 218 
Phosphate of magnesium / 



W 
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)0D OF A WOMAJS^ THIRTY YEAES OF AQE-~(eontinued). 



tiAMMMa OF nrrSBSTITIAL FLUID. 

914.25 

voces not vapoiizing at 

• • • • ' • • • 00» I fj 



nin, etc. 

taic ooiutitaentB . 



3.16 

74,20 

8.39 



in 3.6471 

toiic acid 0. 100 

phone acid .... 0.237 

dam 0.332. __. 

im 3.l73r-"1 

phtteof lime . . . 1 ^^ 
smm J 



phateof magnesiam 
jen . 



• • • 



Salphate of potassium . 0.217 

Chlorid of potassium . . . 0.447 

Chlorid of sodium .... 5.659 

Phosphate of sodium . . . 0.443 

Soda 1.074 

Phosphate of lime . . I ^^ 

Phosphate of magnesium j ^^ 



0.351 
Total of inorganic constituents 8.390 

Specific Gravity = 1.0269. 



1000 QRAMUma OF SBBUM. 

J . . 917.15 

mces not vaporizing at 

)• 82.85 



min, etc .... 
;uiic constituents . 



74.43 
8.42 



nn .... 

laricacid . . . 
phoric acid 

siom 

im . . 
phate of lime . 
phate of magnesium 
en 



3.6591 

0.100 

0.238 

0.333 

3.183 



;} 



0.552 



0.351 
Total o 



Sulphate of potassium . . . 
Chlorid of potassium 
Chlorid of sodium .... 
Phosphate of sodium . . . 

Soda . . 

Phosphate of lime ) 

Phosphate of magnesium / 



' inorganic constituents 
Specific Gravity = 1.0261. 



0.218 
0.448 
5.677 
0.444 
1.077 



0.552 



8.416 



lemoglobin ^ therefore is the only organic substance which 
culiar to the red corpuscles. It also forms the chief con- 
^t of the dried corpuscles. We have already considered 
omposition of hemoglobin and the question of its origin, 
we shall shortly have to discuss the importance of hemo- 
n in respiration (Lecture XVII.). The products of de- 

A. description of all the physical and chemical proi>erties of hemoglobin 
be beyond the scope of the present text-book. I therefore refer the reader 
accounts of Hoppe-Seyler in his Med. chem. Unters. : Berlin, 1866-1871 ; 
* those of Hufner and his pupils in the Zeittchr, /. physiol. Chem, ; and in 
test volumes of the Joum. /. prakt, Chem, Compare also Nencki and 
, Areh.f, exper. Path, u, Pharm,, vol. xviii. p. 401 : 1884 ; and vol. xx. pp. 
(2: 1886. 
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composition will also be considered at a later period (Lec^:;;:;^ 
XXI. and XXII.). 

The organic substances found in serum are proteid^ 
soapSy cholesterin^ lecithin^ sugar^ urea^ kreatin, and a y^^j 
coloring matter soluble in alcohol and ether, called 1^^ 
Among the proteids, which make up the chief part of^ 
organic substances, two groups are to be distinguished^ i 
albumins and the globulins. The former are soluble, ^ 
latter insoluble, in water, but globulins are dissolved by d/f ^ 
solutions of sodium chlorid. If serum be subjected to disdy^^ 
the salts of the alkalies difiiise and the globulins are p^ 
cipitated, whilst the albumins remain dissolved. The relatm 
proportion of the two varies much. The result of starvati-^ 
is to reduce the quantity of albumin and to increase t-J 
quantity of globulin. It would thus appear that globuL- 
is the form which proteid assumes in its transference fro^ 
one organ to another. We know that in starvation the m(^ 
important organs, the centers of life, are nourished at the e— 
pense of the other organs, chiefly of the skeletal muscles.* Th 
Voit * found that the brain and spinal cord of a cat, after th5 
teen days' starvation, had lost only 3.2 per cent, of its weigk 
the heart only 2.6 per cent. ; the skeletal muscles, on the oths 
hand, 30.5 per cent. Miescher found, in his observations ai 
ready quoted (p. 79), that the Rhine salmon, during its e 
joum in fresh water, eats nothing, and that the organs of 3 
production, ovary and testes, increase at the expense of t 
muscles. Miescher ^ at the same time called attention to f 
fact that during this period the globulins of the blood, whi 
are so similar to those of muscle, increase in quantity, and • 
maximum of this increase was found to correspond to the per 
of maximum growth of the ovary. 

E. Tiegel* found in the blood serum of snakes, w! 
alimentary canal was empty, only globulin, and no albur 
whereas in the blood of snakes whilst digesting, both van 
of proteid were constantly present. Burckhardt,* Miesc 

* Chossat, Mhn, prhfitUU d I* Acad, des Sciences de VlmtUxU de Franc 
viii. : 1843 ; Bidder and Schmidt, *' Die Verdauungssafte a. der Stoffwech 
327 ; 1852. 

» C. Voit, ZeiUchr, f. Biolog., vol. ii. p. 355 : 18(56. 

' F. Miescher-Rusoh, " Statistische u. biologische Beitrage zur K 
vom Leben des Rheinlachses.'' Separatabdnick aus d. schweiz. Literat 
lung zur internationalen Fischereiausstellung in Berlin, 1880, p. 211. 

* E. Tiegel, Pfluger's Arch., vol. xxiii. p. 278 : 1880. 

" Burckhardt, Arch. f. exper. Path., vol. xvi. p. 322 : 1883. The a 
contradictory results of G. Salvioli are probably due to the fact that the 
starvation was very short in his experiments. Moreover SalvioU use 
method for separating the two proteids (Du Bois' Arch,, p. 268: 1881). 
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»tf pil, has shown that the globulms in the blood of starvmg^ 
X^maia are increased at the expense of the albumins. 

The conclusions of Danilewsky/ that the muscles of an 
Xtimal which have the least work to do are richest in globulin, 
(;0nnonize with these observations. It would appear that the 
g^uscles are not only organs of locomotion, but also storehouses. 

proteid. 

> A. Danilewsky, ZeiUehr. /. physiol. Chem,^ vol. vii. p. 124 : 1882. 



LECTURE XV 



LYMPH.^ 

The substances which pass from the blood into the otte^^^^ 
tissues, there to be used up by the celk as food, do not rea^^ ^^ 
these elements directly through the capillary wall ; but proce^^*^ 
first into the lymph spaces, which are present in all the tissu^^^s. 
In the same manner, the final products of the metabolism ^— ^f 
each cell do not pass straight into the blood, but must first Cl-Je 
taken up by the lymph which bathes all the tissue-elements. 

The only exception to this rule is furnished by Bowmank^ *8 
capsule in the kidney, which is closely applied to the walls -^f 
the blood-vessels of the glomerulus without the intervention ^f 
any appreciable lymph space. This arrangement seems to WtDe 
connected with particularly rapid and complete transference «f 
urinary constituents from the blood to the renal tubules. ~IIf 
we consider how large an amount of urea is excreted by th^^se 
paths, or moreover that only a small proportion of the totral 
arterial blood-stream passes through the kidneys and remaLns 
but a short time in these organs, we shall see how necessa^xy 
some^ such arrangement is. 

Such a rapid passage of material from the blood does not 
appear to be essential in the other organs. Most physiologists 
have therefore conceived the idea that a large quantity of plasma 
is always proceeding through the capillary walls into the lymph 
spaces, thence penetrating the tissues, where every cell extracts 
the substance which it needs for its sustenance. 

^ [Throughout this chapter the author takes no notice of any work oo the 
subject of lymph-formation since the publication of Heidenhain's paper in 1891. 
For an account of the present state of the question the reader is referred to 
Schafer's "Text-book of Physiology," vol. i. p. 285, el aeq. It may here be 
merely mentioned that recent experiments of Starling, Cohnstein and others 
have tended to show that mechanical factors play a much larger part in the pro- 
duction and absorption of lymph than was imagined by Heidenhain. Ludwi^ 
ascribed the formation of lymph to the cooperation of several factors : (1 ) Filtrai- 
tion, depending on the difference of pressure between the blood in the capilliri«« 
and the extnivascular fluid, and on the i)ermeability of the capillary wall;an>^ 
(2) on the osmotic interchanges determined by chemical changes, t. «., metaboWe 
activity of the tissue-cells. Recent investigations have served to confirm rtthk«r 
than to refute Ludwig's ideas on the subject.] 
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his interpretation seemed to be justified by the circum- 
( that the qualitative composition of the lymph is identical 
that of the plasma. Quantitatively however there is a 
3nce; for, while the inorganic salts contained in the 
1 are alike in amount and composition to those in the 
a^ the amount of proteid in the lymph is much smaller 
in the blood-plasma, 
b definite conception has been formed concerning the 

in which the constituents of the plasma traverse the 
aiy waU. It is not possible that they can pass through by 
ion^ since the colloid proteid would be left behind in the 
. The filtration hypothesis is equally untenable^ since by 
neans all the constituents of the plasma would proceed to 
jrmph spaces in the same proportion as they occur in the 
. A compromise was therefore struck between diffusion 
iltration^ and it was sought to explain that the lymph is 
n divisible constituents — salts^ and relatively poor in non- 
ible substances — ^proteids. Only a very hazy notion could 
rmed concerning the nature of this process, therefore a 
>le epithet was hailed in the word "transudation," the 
b being called the " transudate of the plasma." 
hese theories had to be abandoned when the processes 

to be tested quantitatively by measuring the lymph- 

Q. 

1 twenty-four hours about 600 c.cm. of lymph flows through 
loracic duct of a dog 10 kg. in weight.^ 
r we assume that the flow of lymph is as slow in man as in 
3g, it would amount to about 4 liters, in proportion to the 
•weight. The small quantity of lymph flowing through 
ght thoracic duct into the blood may be disr^arded. 
his stream of lymph is much too slow to justify the 
iption that all the cells derive their nourishment from it. 
statement may be proved by a simple calculation, 
ormal plasma contains only from 1 to 2 grm. sugar to 
iter. In the course of the twenty-four hours therefore at 
8 grms. of sugar would be conveyed to the tissues in the 
jrs of transuded plasma. This amount is certainly not a 
lent one. As a matter of act in one day 500 to 1000 grms. 
rar are taken up from the intestines into the blood (Lecture 
.). This amount is not destroyed in the blood itself (compare 
ire XVII.). It must therefore reach the tissues through 
ipiUary walls. Hence it follows that a very concentrated 
on of sugar traverses the cell-walls in those tissues where 

ride Heidenhain, Pfliiger's Arch,, vol. xlix. p. 216 : 1891. There the figures 
amoants of lymph in dogs are given. Compare also Lecture XIII. 
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a rapid rOD sumption of sugar as a source of enei^ takes pkce, 
as for instance in tJie muscles, or where there is a storing op 
of material free from nitrogen, such as glycogen or fet, as in 
the liver or in the connective tissues.' 

We may adduce another example.' The milk of animak 
which develop rapidly is very rich in lime. Dog's milk has 
from 4 to 5 grms. of lime to the liter.' A bitch from '20 to 30 
kg. bodyweight secretes in twentj'-four hours as much as \ 
liter of milk, which contains therefore from 2 to 2J grms. of 
lime. A liter of plasma contains only about 0.2 grm. of lime,' 
or from 10 to 12 times less than the milk. If therefore the 
epithelial cells of the mammary glands take the material tliey 
need for the formation of the milk from tlie transuded plasms, 
at least 10 Uters of plasma would have to flow through the 
mammary glands in the twenty-four hours. This is not pussibk : 
only from 1 to 2 liters of lymph flow through the whole body- 
how much less therefore must flow through the mammary glands? 
Hence it follows that a fluid very rich in lime must be exuJeil 
from the blood capillaries in their course through the mamimrr 
glands, or, in other words, that the endothelial cells of the 
capillary wall must exercise a power of selection, as in feet does 
every cell, every living being. 

That the capillary wall is able to give out substances id a 
much more concentrated state of solution than tliat in whid 
they are coutained in tlie plasma may be seen from the 
capillaries of the kidney. The plasma contains at most 1 grm. 
urea to the liter, the urine may contain as much as 40 grm. or 
even more.' Heidenhain ^ has shown that, after the injection 
of solutions of sugar into the blood, the amomit of fiugar in 
the lymph rises more than that in the blood plasma. 

■ [TlilB and the follnwins i-XEiniple will Berre as a criticism of ihe Tic*!''' 
Barlholiui but not of those of Ladwig. The passage of sugar or other difiiiBl''' 
Bnbstanee from blood to tisaue-eell occurs by diffusion. The consumplion of W 
mbalSDce, vhether it be oxygen or glucose, by a tissue-cell, lends Is a diminUbK 
teniioD of this substance in the neighborhood of the l-fU ; and a pomp I? 
diffusion of the BubslSDce Datarally occurs from blood throogh lyinph-fptre |" 
wU. Such a prDce«B is absolutely iudepcndent of lymph-flow, and would occiirU 
there were no fresh lymph production at all. An argument therefore M lo If* 
oODcenlration of tht transudation from the vessels vhicb is bused au tbe«^' 
■umptiou of a, substance by any given tlsauc, has no bearing on the piiui> l" 
qnestiOD.] 

'These (wo examples were inimduced by myself as arguments agiinit'^ 
preT&iliDgviewsouthefluw of plasma at the International Physiological roup* 
held at Basel in September, 1880, during the discussion which tt<m t^ 
Heidenhain's address. 

■ Bnnge, ZciUelir. f. Biolog., vol. z. pp. 301 and 303 : 1871. 

<In 1 liter of dog's serum I found 0.176 CaO. The figure must be ff"^ 
what raised for the plasma, since a tittle lime is carried down with the fibrin-^ 
' Fide Lecture XXI. for Ihe composition of urine in man when on amell"'*- 
* Lac. eit., p. 63, ft teg. 
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Id every oig&n and id every tissue the capillary wall allows 

i iluid of special constitution to pass through it, according to 

I various requirements : in the muscles this fluid is richer in 

ir, in the manunary glands, in lime, and so on. After these 

pecial substances have been utilized, these fluids flow back 

) the main lymph -trunks, so that the mixture takes on a 

^^nmpositioD very similar to that of the original plasma. The 

Ivmph is therefore probably of very diEFerent eoustitutiou in 

the lymph-spaees of the various tissues. The aualysl.s of 

^Jyniph taken from the lai^e lymphatics cannot give us any 

BfaiJormation as to the composition of the tissue-fluids them- 

^r For those who wish to maintain the old theory of diffusion 
and to consider the capillary wall as a dead membrane passively 
concerned in the operation, the cells may be regarded as taking 
from tlie lymph the special substances which they need, con- 
verting them into an insoluble or colloid combination, which 
has thus lost all power of diffusion, e.g., sugar into glycogen or 
I iai, llie soluble into insoluble compounds of lime. In this way 
the s[)ecial substance would become less concentrated in the 
)yia)ih than in the plasma, and a fresh supply would be cun- 
tiiually passing acccjrding to the laws of diff^usinn through 
the capillary walls from tlie blood into the lymph, without the 
BimalCaneous passage of water. But there is really no reason 
fcr refusing to the capillary walls of the endothelial cells the 
'active' functions which it is allowed are involved in the case 
of all other cells. However this may be, the old idea of the 
|)la«iia stream ' must be relinquished,. 

Impossible as it is for the food-stuffs to be conveyed to the 
various cells by a stream of plasma common to all alike, so it is 
ajmilly impracticable for the end-products of metabolism to be 
Wumed by the common lymph stream to the blood. We 
must rather assiuue that these final products penetrate through 
the neighboring lympL-spaces into the nearest capillaries. 

The most important of these waste materials, carbonic acid, 
can be proved to make its exit in this manner. The tension of 
COj is less in the large lympb-trunks than in the blood (compare 
I^ftnre XVIII,), Moreover the lymph-flow is much too slow 
tii cam- oS" the large amounts of carbonic acid quickly enough. 
The passage of 800 to 1000 grms, of this ga-s through tliese 
organs In the twenty-fijur hours could not be effected unless 
Ike COj were conveyed directly into the circulation. And tliis 
•8 prolfflbly the case with urea and the other eud-products of 
Metabolism. We must assume that these latter reach the 
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blood directly through the capillary walls and Dot tbrougb the 
medium of the lymph. 

We have now to ask : What are the functions of the lympli ? 
What are the objects of the lyraph-spaces ? Might not the 
interchange of material proceed in all the other oigans as il 
does in the glomeruli of the kidney ? 

In tlie first place, the lympU-spaces have a purely mechanical 
use, inasmuch as they enable the blood-vessels to alter tlicir 
lumen and ao regulate their pressure. Were the blood-vtssds 
surrounded with rigid tissue, this would be impossible. Tliev 
need to be set in a compressible medium, which can adjii^ 
itself to the variations of the vascular lumina. Seconiily, 
supposing that every cell were in immediate contact wiih a 
capillary vessel, as in the ilalitighian glomerulus, the capillary 
system would become so enlarged that the circulation of the 
blood would become too much slowed down. 

These considerations however refer to tlie uses of the 
lymph-spaces only, and not to those of the larger lymplialics. 
They do not explain why the fluid collects from the lympb- 
spaces into larger and larger vessels, which finally empty 
themselves into the blood-stream. Could not the food-stufi 
pass through the capillary wall of the blood-vessels etmiglil 
into the lymph-spaces, and, conversely, could not the fiw 
products of metabolism find their way directly from the lymph- 
spaoes through the capillar^' wall into the blood ? What is tlie 
need for a special Btr«mi of lymph ? 

In answering this question we have an indication m the 
fact that in the course of the lymphatics are interposed lym- 
phatic glands, in which the lymph-cells are being continually 
formed by division. 

We do not yet know very much of a definile charMter 
concerning the cells of the lymph, tlie leucocytes; although 
they undoubtedly are of great importance in the animal ecoiinmy. 
We know that they can make their way out through the 
capillary wall and wander among the tissues. They may he 
seen assembling in masses wherever injurious substances sn 
formed, where foreign bodies, poisonous matters, or micrrf 
organisms penetrate the tissues, as well as in cases of inflw 
mation and all kinds of pathological processes which accompany 
the degeneration of tissue. It appears that their fiinctioQ is "> 
clear away the products of tissue-disint^ration ' and to renoff 
noxious substances harmless. They may be seen enclosing 

' An apcount of the Hlerature on the behavior of leiipocytej nnder norn* 
and patboloKical coDditions is girvn in the monograph ofBerni. Bieder, "B"''' 
X. Kenntniss der Leucot'^toBC." Leipzig, Vogel : \B&2. 



^ntiitn their protoplasm solid particles, or invailing micro- 
cir^anismg ; ' and it is probable that tliey ulso lake up aud alter 
sabstaoces in a fliiicl and dissolved condition. I have already 
DM'Utioned the part which has been ascribed to them in the ab- 
iwrption (if proteid, in the regeneration of peptone into proteid 
■within the intestinal wall, and in the conveyance of the peptone 
■which reaches the blood in this form. 

Now there is a constant disintegration of lymph-cells 
g^iiog on. We know, for Instance, from Stohr's ex]wrimentH ' 
tliat leucocytes emigrate in masses through the epithelium 
firom tlie adenoid ti^ue of the tonsils and of the follicles of the 
tongue, as well as from the follicles of the whole intestinal and 
bronchial mucous membranes. Stohr considers that an expul- 
gion of " UAed-up materia! " is involved. These leucocytes 
must be replaced by the formation of new ones in the lymph- 
glands and by a supply of young cells passmg with the lymph 
into the blood. 

Finally the lymph-glands may have the function of altering 
the various kinds of lymph which flow into them from all 
the tissues, so as to assimilate it to the plasma before it enters 
the circulation. Without such previous assimilation a tluid, 
wluch had been changed by the processes of metabolism in the 
dasiiea, might either disintegrate the blood-corpuscles when it 
peases into the blood-stream or do mischief in some otlier direc- 
tim. 

It is known that injurious substances of all kinds, as well as 
inicrDi>rganism&, are detained in the lymph-glands so that they 
cannot enter the blood, tliere to be passed on to the tissues. 
With this fact is also ctmnected tlie swelling of the lymph- 
gkndsasa result of infection. 

Id the following table I append some of the most 
reM)le analyses as examples of the composition of lymph. 

' II i< well known that El, Metrhuikoff wan the first author to intrudun- the 
Tin iiat the leucocyte* vagt wor ngniiuit the iutruiling micronrganisma and 
•iW injurious snd foreign BulistaDces — the so-called ijoclrine of phngocytaais. 
Arkn. d. ZoQlog. Intt. lu Witn, vol. T. Eft. ii. : 1883 ; Bioiog. O^ralbl., vol. lii.: 
l!M-l**4; Virchow'« Arch., vol. icvi. p. 177; 1S&4; vol. levii. p. 50-2: 1884; 
»oLmi.p. 209: 1887; voL oil. p. 176 : 1887; vol. cxiii. p. 63 : 1888; AnnaUt 
it rfiurititf J^utrar, p. 331 : IS87 ; p. 604 ; 1888. [See also hie work, " Tlio 
^clogy of iDflammatioa," PariB. 1892, traaslated bj E. H. Stalling, 
luidiia, K^an Paul i Co., 1893.] Thia doctrine ha« been the subject of innch 
^W. Compare Baamgarten, Berlin, tlin. Wochnuchr., p. il8 : IS84; and 
OWalil./. Uin. Med.. No. 26 ; 1888 ; and WEigeit, Foruchr. d. Med., p. 732 : 
!!<<: ud p. S3 ; 18S8. On the other hand a highly inlereating obaervadnn, 
rtiicb betn oot MelchnikolTs theory, hae been recently publiahed by Vaillard A 
^Tlwnt ; AhiuiUi de I'liulitut Fruteur, Ann^e fi. p. 34 : 18B1. 

'Ph.Stohr, Bio/off. Cfnf™(6/., vol. ii. p. 3«8: 1882; Sittvitgiber. d. phyni. 
■«1. Ga. lu Wvrtbarg, May 19, 1883; Virchow's Arch., vol. xevii. p, 211: 
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To thcae I have added a few analyses of the * patholopcsl 
transudations,' ascitic fluid, pleural and pericardial efluaons, 
dropsical fluid, and hydrocele fluid, which are considered by 
most authors as lymph increased above the normal by palho- 
logical conditions and obstructed absorption. Even the flaid 
contained in the ventricle? of the brain, which it is well knovm 
may be increased largely in disease (e. g., hydrocepbalos), is 
r^arded as lymph by many authors because the ventricles of 
the brain communicate by means of the foramen of Mnyrndit 
with the lymph-spaces of the subarachnoid tissue. Some ob- 
servers however deny that this communication exists. It must 
also be remembered that the ventricles of the brain are covered 
with epithelium, and that the fluid in them might be a specific 
secretion of these cells. The cerebro-spinal fluid is not spoD- 
tpneously cosgulable. 

Finally, I have included a few analyses of chyle id Table 
I. I have already shown that the chyle of fasting animals 
is nothing but lymph, and that fat droplets are mixed wltli 
this Ivmph only during the digestion of fattv food (Lecture 

xin.'). 

I. C. Sclunidt, " Ch&rakteristik d«r epidemiicheii Cholera." Uiliu d> 
Leipiig, p. 39 : 1850. II. and III. Gubler & Qu^reiine, Gat. Mid. dr PaM 

Nob. 24, 27, 30. and 34 : 1854. The diS'ereol Hpecimi^us of Ijinph were oliwiiwl 
by pricking thu varicose enlargemeals of the lymph-vossels in the ikin nf • 
womaa'H thigh. As the womau. with the eieeption ot this l^iuph abstrndini, 
was othfrwise in a normal eoodilioii, we may perhaps regnrd ihU as orvliwir 
lymph. IV. RBea, Phil. Train., p. 81: 1892. V. Hoppe-Seyler, "Physiol. 
Chem.," Berlin. Uirsrhwald, p. 597 : 1831. Ea\iiiioD of chyle into the pcrilowtl 
oBvity in oonwqueDce of rupture of the chyle-vcesel. The chyle was obtunri If 
tapping the ahdomen. Eoppe-Seyler Ihoaght that it was undoubtedly normil 
chyle. VI. C.Schmidt, /<jf.CTt., p. 140. VII. and VIII. Hoppe-Seyler,te,o''.. 
p. ii05. IX.- XI. Henn. Nasae, " Ueb. Lymphe n. dcren BildODg," JW. 
OtItgeHKeiUehr.. Marlnrg, 1873, XIT, C. Schmidt, loc. cit., p. IM. Tika 
from (he same dug from which the blood for Analysis VI. was drawn. XIU.' 
XVII. C. Schmidt, BvUttin dt St. Pttertbourg. vol, i», p. 365 : ISCl. 

I.-III. V. Hensen widC, Dahnhardt, Vin;how'» Arch., vol. mvil. p-Si: 
1866. Doth legs of the patient were swollen from the eztenuve thicka>iii|* 
the sabcalaaeoustisBue and corium ; heart failure and ascites were also ?'<■''- 
IV.-VI. Hoppe-Seyler, Virchow'a Arth.. vol. ix. p. 250: 1866. VU. Qonip- 
Besanei, " Lehrb, d. physiol. Chem.," 3d edit., p. 415. Braunschweig. Virvf 
and Sohn, 1874. VIII. Wachsmuth, Virehow's Arch., vol. vii. p. SM: IM6- 

IX. Hoppe-Seyler, " Physiolog, Chem,," Berlin, Hirachwald, p. 605: \^\: 

X. Scherer, Vfrhandl. d. nwd. phyM. Ga. z« Wunhurt, vol, vii. p. !«8 ; 1^ 

XII,-XV. C. Schmidt. " Chsrakteristik d, epidem. Cholera," LeipdE n. Mil»»- 
pp. 123 and 123 : 1850. XVI.-XVIII, Hoppe-Seyler, VirchoWa Arth,. t(J. »»■ 
p. afl0:)86(i. 

I.-V. Hoppe-Seyler, Virchow's Arch., vol. ivl. p. 391 : 1859. VI. tai V^*^" 
HalUburtoB, Joum. of Phgtiol., vol. i. pp. 233 and 234 : 1890. VIll. vi ^^T- 
C. Schmidt, " Chnrakleristik Se epidem. Cholera," Leipzig and Milan, pp. t^^ 
138: 1850. X. C. Schmidt, loc. til., p. 136, "Fluid between the diimm^'^ 
aiid the vnult of the ikull, which wss greatly expanded." XI. Hoppe-SfJ* 
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From these tables it may be seen that the lymph dra 
from different parts of the body is highly variable in i 
composition, and especially as regards its proportion of protei 
This is also the case with the pathological transudations. T 
amount of proteid varies between 0.3 and 4.9 per cent. Th: 
quantity of fibrin is always less than in the blood ; it varies 
the lymph between 0.04 and .02 per cent., in the blood betw 
0.2 and 0.4 per cent. 

The proportion of the two kinds of proteid, the globul 
and the albumins, varies in the lymph between as wide li 
as they do in the blood-plasma (compare Lecture XI 
Experiments made so far on this subject have given 
noteworthy results ^ that if blood, lymph, and chyle, or bL 
and a pathological transudation be taken from one and 
same individual, these two kinds of proteid are nearly alw^ 
present in the same proportion in the transudations and ii^ ^T 
lymph, however great the difference may be in the total nmo^^^it 
of proteid. 

We cannot, within the scope of this book, treat of tie 
causes and mode of formation of the pathological transudatiocKs. 
We know that nerve fibers run to every single endothelial c^H 
of the capillary wall, and that therefore disturbances in it^e 
innervation of the capillary wall may be reflexly transmitt^^^ 
from any organ to any other organ. We must likewL^^^ 
remember that every mechanical disturbance of the circulatic^ ^ 
and every change in the chemical composition of the bl 
interfere with the normal nutrition of the capillary wall aiB- 
lower the power of resistance possessed by the endothelial cell 
so that they are not so capable of preventing the escape 
constituents of the blood-plasma. Finally, we must not forgi 
that abnormal constituents of all kinds act directly as irritaii 
on the endothelial cells of the capillary wall, so soon as th 
enter the blood, and may thus alter their functions. The cau 
of the formation of transudations, which have been patholo 
ically increased and altered, may therefore be of a veiy vai — 'j^^- 
ing character in different organs. Their study must for ti ^e 
present be left to the domain of special pathology, where "^ilic 
results so far attained in physiological experiment may ly^ 
utilized. A critical account of the physiology of lymph i::^:ia,r 
be found in the work of Heidenhain already referred to. 

^G. Salvioli, Du Bois' Arch., p. 268: 1881 ; F. A. Hoffmann, Areh. f ^ 
Path. u. Pharm., vol. xvi. p. 133 : 1882. '^' 




LECTURE XVI 



THE SPLEEN 



Before leaving the subject of lymph and the lymphatic 
glands, we will take for our consideration another organ which 
is supposed to have similar functions, m., the spleen. 

With the single exception of the amphioxus, the spleen is 
invariably present in all vertebrates, and is in all cases of very 
similar structure. 

There is however an essential difference between the spleen 

und the lymphatic glands, in that the leucocytes formed in the 

spleen enter directly into the blood-stream. The blood of the 

mlenic vein contains more leucocytes than the arterial blood. 

This was shown by KoUiker and Hirt,^ whose experiments 

were afterwards confirmed by numerous observers.' In his 

investigations on the metabolism of Rhine salmon {vide p. 79), 

Miescber* carried out a number of very careful estimates on 

this point, the average number of white corpuscles to every 100 

red blood-corpuscles being 

Cardiac Blood. Splenic Blood. 

^ 9 ^ 9 

1.79 1.79 8.31 7.1 white corpuBcles. 

The earliest investigations on the functions of this organ dealt 
with the effects of its extirpation. Even Pliny * mentions as 
well known the fact that dogs will survive the extirpation of 
tie spleen. Since that time occasional extirpations of the 
pleen have been successfully performed on different animals.* 
ot it is only since the aseptic treatment of wounds has 

* Hirt, " De copia relat. corpasc. sanguin. alb.," Dissert. Leipzig : 1855. 
^- £melianow, Arch, d. Sciences biolog., St. P^tersbourg, vol. ii. p. 145 : 

THe earlier literature is here quoted, 
^iescher, Du Bois' Arch., Anat. Abth., p. 212 : 1881. 
^Jioius, "Histor. naturalis.,'' lib. xi. c. xxxvii. 

^->^ account of the earliest literature on extirpations of the spleen is given 
A^dclmann, Deutsche Klinik, p. 183 : 1856. 
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hi*i*u luiviHhuHHl tlint tluiHc operations have formed the bases 
f»f HVHt^'irmtio Hi»ri«!H of exporiiiients. Among the ktest re- 
wfin^hrH of thin niiinre we may mention the following: Guido 
Tixxoni ' rtit otit the nplecn in eighteen rabbits, young and 
olfl. T\w longent time during which the animal was under 
obHorviition was 210 (hiv.s. lie could discover no ill effects 
from (he oppnition. In the young animals the grovih 
pnMMMMhnl an tiMunl, and in adults the sexual functious wert 
undiHtnrhtMl and heidthy oiTspring were produced. In iLe 
Hiune way, KourU>w' found tliat guinea-pi^ bear ejiirpi- 
tion of the nphMMi well, and that they gn>w and pr>jiacsi? 
like normal animals. A. Dastre"* cut out the spleen in y-mnc 
dogs, oal**, rats, and guincji-pigs, and compared their rait- «f 
gnnvth with that of normal animals fn>m the samt Tiner. 
lie oouUl discover no ditfercncc. l'nfonunat<-]v iIk oiwe- 

m 

vat ion lastfxl hut a slu>rt time — onlv four mi»nthf id tiK ca« 
of, t lie oats, and until (hey were full-gpi>^"n in the cuK^e 'tint 
guin<>c»-pigs. 

The <)uostion nt>w arisi^ as to whether, if the animair ?ah 
vive the n^moval of tlieir spleen, changes may not *^iceur u. *w 
or other of their functions. Alterations in >ilof«n ionnaii* 
wert^ osjHvially anticijvited. Of the nnmen^ns ejnvrin»aih 
made in this t>Muuvtion mav Iv mentioneii tiu- mrvsr TwflK 
V, Kmelianow ^ found that, after extirpation of ihi sniea n 
dogs, the nnmWr of n\l bloiicl-ct^rpusclc^ diminisiiei.. ^ui** 
that of the white was incrt^^xl. O. Vulj«u>.' exi>fnnieD' 
inc on rabbits and ir^^ts, also obs<:'r\'ed tliai. whei: tin sniea 
M-as exoiscil. the n\l bhxHl-<H>rpuseles dtvn^sed by no: nHf* 
than *20 per ivnt.. but that thi> diminution w:is mactt vn sstr 
alv>nt a niontli had olaj^sed. The number of wiuu iii*"*— 
o<^rjMis«"lo> immcs1int<ly after the operation rt»st i* fi-ffli^' 
the noiTonl, tlie increase however lastinc at tiu nns: nns- 
we*"^kN. 

From tl.i> iiK-n^asi' of wliite and diminutior o* n^i rti'^k*^ 
<v^rpnscle> it is naiural to conclude that in tht snloe: ^ 

" (i. TiJ7i"»i.. .-rv/. /'•'/. p^- f( srif'hn nirrUi'h* . vu\. x\i. Nt . !. . i i'- **"' 
iiiftriyiN, \v .-l"!'/. ifti . u. I'iu... vol. v.. ii in; ■ i*^*^. 

\. l>Hsm i''>nt,tth'f ^'rt,tl .s,i. 7.*ii'... J.. '.*^ : !*".♦':: ftii<. A'^r. .. "»**"- 
.Tu> ■iS'».\. 

' r. rmoliwnnv . A^.'f. li. >,'i"ii.v.- h S;. TVt-rN)iouri:. vd. ;.. t :" '** 

'i» ^ iilpiuv /i-#'.'- : /•/.». '■/,■. vnl. :;.. Ti. »iK^ ^<'^^. Tt"* a»*^'"* ^" 
« 5un»inT.-^ o: III! j»j»rlii- :iiit. y^-'T' ii'iuniiuii: iiivraiur: oi in inttnm"- ■''" 

«1^' II T. >if,''-»iin; OI. p^^£r<»^ •.»-? niiL ti-^r o: tiu iiuuji»«'r^ o* iniM>,.-oonin«!*t'^ W^^ 
lifter ivfirp«!inr. <\\ tht j!i}»if-t'n. 
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are formed from the white corpuscles. Moreover some 

"^J^^itv^er^ have described in the splenic pulp nucleated red 

Y>X<^~^n^u^l^ similar to those in embryonic tissue. It 

xt%^^^^ ^ assumed that these nucleated red blood-corpuscles 

-formed the intermediate steps in the conversion of white into 

tlae non-nucleated red corpuscles. Miescher's observation ^ that 

tlie spleen is richer in hemoglobin than the blood deserves our 

notice. This author^ adopting Hiifner's method, found that the 

salmon had twice as much hemoglobin in the spleen as in the 

blood. 

We have now to consider whether the transitory character 
of the disturbances in the blood formation, which appear after 
excision of the spleen, may not be accounted for by the fact 
that other organs of the body may take up the splenic functions. 
It is often stated that the lymphatic glands swell after removal 
of the spleen. This is however by no means a constant phenom- 
enon, and was absent, for example, in a number of experi- 
ments of this description carried out by Vulpius * in rabbits and 
goats. Swelling of the lymphatic glands has often been 
observed in man as a result of excision of the spleen. In 
this case however it is doubtful whether this change should 
rather be ascribed to the disease which necessitated the 
operation. 

It seems to me more probable that the duties of the spleen 
are fulfilled by another tissue, luz., the red marrow of bones. 
In 1869 Neumann ^ and Bizzozero * showed that the red marrow 
of the flat bones, the bodies of the vertebrae, and the proximal 
epiphyses of the bones of the limbs in mammals contained 
nucleated cells tinged with hemoglobin, resembling in every 
'respect embryonic red blood-corpuscles. It is thought that these 
<5^11s are formed from leucocytes and, multiplying by cell-division, 
converted into non-nucleated red blood discs. The red bone- 
presents one striking similarity to the splenic tissue, 
5"^ that the veins appear to lose their proper wall, thus allow- 
the blood to come into immediate contact with the tissue- 
3.* It seems therefore a likely hypothesis that the red 
*^^^«^^-marrow should be able to take up the functions of the 

* Miescher, Du Bois' Arch., Anat. Abth., p. 212 : 1881. 

Vulpius, loe. cit., p. 694, contains full references to previous work on the 
t. 

E. Neumann, Arch, d. Heilkunde, Jahrgang x. p. 68: 1869; Virchow's 
-, vol. cxix. p. 385 : 1890. 

' Bizzozero, '* Sul midollo delle ossa," Napoli : 1869. 

' Hoyer, Med, Centralbl., Nos. 16 and 17: 1869; G. E. Rindfleisch, Arch, f, 
- Anat.f vol. vii. p. 1 : 1880. 
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Spleen wheu this oi^n was removed. Thus P. Emelianow' 
found in tiie red marrow, after extirpation of the spleen in 
dogs, an increase of leucocytes contaiiiiog hemoglobin, is well 
as af the transition- forms between these and the red bW- 
corpuscles. The observations of Pouehet ' show however ihai 
the harmlessuess of this operation does not depend on chaups 
in the red marrow, since the spleen uiuy be removed iu ihe 
fish which have no bone-marrow without cniisuig any altera^ 
in the comjiogition of their blood. 

A number of cases are on record in which the spleen b»a 
been excised in man. In some instances this was rendered 
necessary by the prolapse of the organ through a wound m the 
abdominal wall. Many such cases have recovered even b the 
pre-antiseptic days. Morgagni' records the cose of a wonun 
in whom a prolapsieil spleen was removed, and who lived for 
five years afterwards and bore children. In 1678 a Colbu^ 
surgeon, Nicolaus Matthia, extirpated the spleen of a yonng 
man which had prolapsed in consequence of a da^er woanii 
of the abdomen. The patient lived at least six years after the 
operation, went about his ordinary occupations, and begsl 
children.* 

Encouraged by these residts, surgeons have tried the effect 
of excising spleens in diseased conditions, such as hypertropbv, 
sarcoma, hydatid cysts, floating spleen, etc. In tlie days 
before asepsis and antisepsis were practiced, a violent dispute 
arose as to whether such a bold operation was justifiable, ff* 
may refer our readers to the treati-ses, which appeared in lS5o 
on the occasion of Kiichler'a operation." This surgeon had 
ventured to remove a spleen in a man suffering from byper- 
trophy in consequence of malaria, and bad lost his patient- 
On this account he was violently attacked by many of b>^ 
colleagues and especially by Gustav Simon,* a surgeon i* 
Heidelberg ; and as vigorously defended by G, Adelmnnn,' * 

'P. Emelianow, Arch. d. Scienca btolag., St. PStersbourg, vol. ii. p, l*^ 
1S93. The earlier titeraturc ii here quoted. 

" Pouehet. Gut. mtd. d. Farii, p. ZXH : 1878. 

'Morgsgni, " De sedibus et p»ub. niolbor," lib. v. epist, 66, art. 10, p.S**' 
PftMvfi, 1765. 

* " Ephemerldes Medio. Phygie. Natar. Cariosor," DecurU ii. Ann.ii. IHS^^ 
p. 378: Norimb. 1685. _, 

'H. Kuchler, "Extirpation elnes Mil«unior»; wissenschnllliche Bdeiw — 
tnng der Frage iiber ExBlirpntioD der Milz l>ei dem Menschen," 4c.. DBni>*»i '-" 
1855. _ 

*Q. Simon, " Die ExBtirpalion der Mill Hm Mensehen iiach detn jetiif^' 
Standpunlcte der WianeDschntt beartheilt," GieMen : 1867. 

'Q. AdelmajiD, Beinerkmigemu Dr. Kuchler's Schrift: " Eistirpation ein- ^ 
MilrtumoM,"i>eulicAeJr/int'jt, Nob. IT and 18,pp. 175BDd 1S3: 1866, c< " '- -^ 
critical account of all the earlier works on the extirpation of tlie •] ' 
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n of Dorpat. Since aseptic precautions have been 
ght to perfection, removal of the spleen has become much 
frequent and has been attended with more and more 
-vorable results. In those cases which do not succeed the 
re should probably hardly ever be ascribed to the loss of 
splenic function. Of course in such operations it is difficult 
say whether death, if it ensues, is due to the consequences of 
disease or to the absence of the organ. In the cases which 
ive the operation unfortunately no record is usually kept of 
-the length of the subsequent life. In 1876 however, P^n^ 
sliowed a woman at the Parisian Academic de M6decine whose 
spleen had been excised ten years previously, in consequence 
of cystic degeneration, and who had remained throughout that 
time in excellent health. Vulpius^ records the case from 
Czemy's clinique in Heidelberg of a woman in whom a hyper- 
tix>phied floating spleen was extirpated. The patient recovered 
slowly, apparently because, in addition to hypertrophy, she 
sofTered from severe nervous troubles and attacks of hys- 
teria. Fifteen years aft«r the operation however, she still 
enjoyed moderately good health. The nervous symptoms had 
abated, and the blooming color on her cheeks showed that there 
-w^ks no disturbance in her blood formation. In the first 
few years afl^r the operation there had been some swelling 
of the inguinal and cervical glands, but this had gradually dis- 
appeared. 

In certain cases of enlarged spleen, such as leukemia and 
Ifijndaceous disease, other organs — liver, lymphatic glands, 
kidneys — are usually aflected at the same time ; and therefore 
ao cure can result from removal of the spleen. Idiopathic 
tumors of the spleen rarely occur, but here again the blood is 
in an abnormal condition, as shown by the existence of anemia, 
leucocytosis, ete. Better results might be anticipated from this 
operation in cystic disease, e. g,, hydatids, but here a partial 
resection is usually suiBcient. Extirpation is also indicated in 
cases of floating spleen, where this organ, especially if it be 
hypertrophied, sinks occasionally into the pelvis and produces 
painful stretching of the duodenum and stomach, strangu- 
lation of the blood-vessels, disturbances in digestion and nutri- 
tion^ &c. 

In 1893 A. Dandolo^ collected all the cases in which ex- 
cision of the spleen had been performed. 

» P6an, Bulletin de VAcad. de MH., No. 29 : 1876. 

» Vulpius, Beitr. 2. klin. Chir.. vol. xi., pp. 638-641 : 1894. 

* Dandolo, Gazz, med. lomharda^ Nos. 7-9 : 1893. 
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Floating spleen 

Suppuration 

Simple cysts . . . . . . 

Hydatid cysts 

Amyloid spleen . . 

Fibroma . . ...... 

Sarcoma 

Lvmpho-sarcoma . . . 

Venous engorgement. 
Simple hypertrophy . . . . . 
Malarial hypertrophy . . 
Leukemia and pseudo-leukemia 



Ca8e«. 

17 

2 

4 

4 

1 

1 

2 

2 

3 
18 
23 
25 



102 



Cure. 



15 
2 
4 
3 



1 
2 

7 
12 



46 




n 
II 

25 



In 1894 O. Viilpius^ published a list of 117 exti^pa^i* 
50.4 per cent, of which resulted in cure, 49.6 in death. 



leukemia . . 

Simple and malarial hy|)ertrophy 

and floating spleen 
Hydatid . . 

Simple cysts . . 
Sarcoma 

Suppuration . . . 
Venous congestion 
Amyloid . 
Sypliilis . . . 

Rupture .... 



Cases. 



28 

66 
5 
4 
4 
3 
3 
1 
1 
2 



Cure. 



32 



l*tuh. 






42 


24 


3 





4 





3 


1 


3 


— 



3 
1 

2 



117 i 59 (50.4%) ; 58 (49.6% 



As r^ards the operations for enlargement of the spleei 
leukemia, again only one is reported by Vulpius to ) 
resulted in a permanent cure, and even in this case then 
some doubt as to the diagnosis. If we deduct the csa 
leukemia, heart and amyloid disease, in which the p 
certainly did not die from the effects of the excisic 
from the original incurable disease, there remain fifty-si 
in eighty-fiv^e cases, 1. e., 65.9 percent., or two-thirds o^ 
cases. 

^ O. Vulpius, Bcitr. z. klin. Chir., vol. xi. p. 6r>5 : 1894. 
2 Only one was permanent. 
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Jince therefore we learn from innumerable experiments on 

and animals that the absence of the splenic functions does 
endanger the life and health of the individual, the sug- 
on occurs that the functions of this organ may have some 
lection with the sexual functions. So far as we are aware, 
he functions of our body serve directly or indirectly two 
K)ses only : the preservation of the individual and the 
itenance of the race. It would be interesting to know 
ther the jiersons whose spleen has been removed show any 
ation in their sexual life. As regards animals, the foUow- 
observation of Miescher's* is in favor of some such con- 
ion between the splenic and sexual functions. Miescher 
jed that the size of the spleen varied greatly in the 
le salmon, and that this difference in its vohime depended 
I the increase or diminution of the blood in it. The 
len spleen of a salmon contained sometimes one-fourth, 
jtimes even as much as one-half of the total blood. In 
female this repletion occurs pretty regularly at certain 
lite seasons in the year: the spleen is at its smallest 

months before (September and October) and during 
period of spawning (November) ; and swells up after 

time. In the male no such regularity could be at- 
d ; although the spleen was again at its smallest in 
ember during the time of spawning. It appears that the 
m regulates the amount of blood in the other organs, as 
as the processes of oxidation and other metabolic phenom- 

thereby indirectly acting upon the development of the 
ies and testes. A similar connection between pairing 

and the size of the spleen and the amount of blood in 
organ was observed by A. Leonard Gaule in frogs.^ 
rhe relation of the splenic to the sexual functions can- 
however be of very great importance, as may be inferred 
1 the fact mentioned above that both man and animals 
n their powers of propagation after removal of the 
in (compare p. 232). 

Since therefore the spleen is not essential in the normal 
nism either to the maintenance of the individual or of the 
ies, we must finally inquire whether it may not have a 
ificance in abnormal conditions. It has been regarded 

means of protection against injurious substances and in- 
ve germs, which have entered the blood. This supposi- 

appeared to be confirmed by the fact that in many 
tious diseases the spleen swells. This phenomenon seems 

' F. Miescher-EuBch, Du Bois' Arch., Anat. Abth., p. 193 : 1881. 
* A. Leonard Gaule, Jaum. Morphol., vol. viii. p. 403 : 1893. 
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to be analogous to the swelling of the lymph^Iands, whlcb 
evidently has the object of retiiining and rendering innucmms 
the poison which has been absorbed. It is possible tiist 
splcenlcss animals would be more readily infectaJ, and when 
infected, more seriously ill tlian normal animals. Observatwus 
on man are urgently needed as to how those perwnii wbiw 
spleen has been removed, withstand the infectious disoets 
wliich they may subsequently acquire. Such observations, bo 
far aa I know, have never been carried out, but the patieotB 
have, as a general rule, been completely lost sight of. 

To the TiiYsius ha-H l>een ascribed functions similar to lL(« 
of the spleen, the bone-marrow, and the lymphatic glaoiis. 
In its histological aspect the thymus displays its close rebtion 
to the lymphoid organs. Besides leucocyt«s it contains nocle- 
ated red blood- corpuscles.' We must therefore assume tiil 
the red blood-cells are formed here as well as the leuoocjla 
But in warm-blooded animals however this function is mo- 
fined to the embr}onic period, until the true lymph-glanJi 
are developed. Iditer on it undergoes retn^rade change^ 
and in tlie adult has almost completely disappeared. TIal 
the thymus takes no further part in extra-uterine life i> 
apparent from tlie exjieriments of Von Braunecbweii.' Thii 
observer remarked that after bleeding or removal of the i^Wf 
the thymus underwent no change either in quite young or in 
full-grown animals; no increase of cell division was olwerved; 
the number of karyomitoses did not rise above the normal. 

In cold-blooded animals such as the frog, the thymus per- 
sists throughout life. In these instances it is a double organ. 
In the frog it is situated under the depressor mandibule muMl^r 
which becomes visible when the skin behind the tyropsnuio 
and the angle of the jaw is removed. According to AWlou* 
and Billard,^ in the frog excision of the thymus on botli side* 
invariably causes death three to fourteen days afterwards, widi 
the accompaniment of paralytic symptoms, a tendency to u1cct»" 
tion, hydremic consistency of the blood and hemorrhages. Kf 
moval of one thymus however do&s not prove fatal in a hefllthy 
fr(^; the only difference is that such an animal tires raoi* 
readily than a normal frog. 

> J. Schaffer, Mi-l. Centralblatl, pp. 401 Boci 417 : 1891 ; and SiUuagibfr. <*** 
Wiairr Akad. d. TK<"m(W«A. MsUi-nfttur. Kl., vol. cii. p. S36: 1?94, 

' B. von BraunachweiB, " Eiper. Unters. lib. d. Verhalten der ThyniM *^ 
der R^^neration licr Blutkorperehen," Dies, Dorpnt : 1S91. 

' Abelolis et Billard, Arch, rf, Physiol., B (»iii.), p. i'" 






LECTURE XVII 



3 OF THE BLOOD AND RESPIRATION BEHAVIOR OF 

OXYGEN IN THE PROCESSES OF EXTERNAL 
AND INTERNAL RESPIRATION 

N our remarks on the composition of blood, no account 
>een given of its gaseous constituents. Three gases can 
unped out of blood : ^ oxygen, carbonic acid, and nitro- 

'he amount of nitrogen is inconsiderable ; it does not occur 
in larger quantities than it does in watery fluids which 
into contact with atmospheric air. Nitrogen is simply 
bed by the blood,* and it appears to take no part in vital 
sses,' 

lie two other gases, on the other hand, are of great physio- 
al importance : oxygen is, as w^e have seen, an essential 
«taff, the most potent source of energy ; carbonic acid is 
)f the end-products of metabolism, the com}X)und in which 
mlk of the carbon leaves the animal body. 

A. diagram and description of the apparatus used for pumping out the gases 
gas-pump of Ludwig and of Pfliiger — are given in every text-book of gen- 
hysiology. As I assume that all my readers possess such a work, I shall 
scribe it here. The original description and diagram of the gas-pump, with 
most of the cjcperiments on the blood-gases were carried out in Ludwig's 
itory, will be found in Alexander Schmidt's paper in Berichte uher die 
•ndl. d, k. sdchsiscken Ges. d. WUsensch. zu Leipzig, Math, physik. Classe, 
:ix. p. 30 : 1807 ; and the description of the apparatus constructed by 
er and Pfluger in Pfluger's " Untersuchungen aus dem physiologischen 
atorium zu Bonn," p. 183 : Berlin, I860. For the methods of gas-analysis, 
tansen, ** Gasometrische Methoden," Braunschweig, 2d edit.: 1877; and 
)pert, " Die Gasanalyse uud ihre physiologische Anwendung nach verbes- 
Methoden": Berlin, 1866. 

Il know]e<lge of the laws that govern the absorption of gases is essential for 
mprehension of the respiratory processes. The beginner who is not thor- 
r conversant with Dalton's law, the meaning of coefficient of absorption, 
I pressure, Ac, must study a text-book of physics before proceeding with 
id the following lectures. 

The theory that a small part of the nitrogen issues as a free element from 
»mpo0ition and oxidation of the nitrogenous food-stufis in the animal body, 
en upheld by some until quite recently, but has never been confirmed by 
te experiment. For this tedious contest, vide Pettenkofer and Voit, 
tr./. Biolog., vol. xvi. p. 508: 1880; Seegen and Norwak, Pfliiger's Arch,^ 
tv. p. 883: 1881; Hans Leo, Pfliiger's Arch., vol. xxvi. p. 218 : 1881; J. 
Compt. rend.f vol. xcvi. p. 549 : 1883. The earlier literature is quoted in 
rorks. 
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The absorption of oxygen and the excretion of carbonic 
acid take place among the lower animals over the whole surfioe 
of the body ; among the higher animals, principally or ex- 
clusively in differentiated organs, such as lungs, gills, and * 
trachea*. This process is termed external, as distinguished 
from internal, respiration, which last term we apply to the 
consumption of oxygen and the formation of carbonic acid in 
the tissues. A few authors understand by this latter term, how- 
ever, only the physical process of the interchange of gases 
thn)ugh the walls of the blood-capillaries (the diffusion of csn- 
bonic acid from tlie tissues into the blood, and of oxygen fix)m 
the blooil into the tissues), and not the chemical processes of 
oxidation, of the assimilation of oxygen and the formation of 
carbonic acid in the tissue cells. Venous blood is rendered 
arterial by the process of external respiration ; arterial blood 
venous by that of internal respiration. 

As the skin and the lungs are also tissues requiring oxygen 
for the performance of their functions, the process of inteml 
respiration goes on at the same time along with that of external 
respiration — the latter preponderating in the lung. For this 
reason the pulmonary vein carries arterial blood to the heart 
The former process preponderates in the skin of most animals, 
and the blood contained in the cutaneous veins is therefore 
venous. 

We will now consider more closely the behavior of the 
oxygen and carbonic acid in the processes of external and in- 
ternal respinition. Let us first take oxygen. 

Arterial dog's blood, which has served for most of the 
analyses on the gases of blood,* contains in 100 vols. fix)m 19 
to 2') vols, of oxygen, computed at 0° C, and 760 mm. Hg. 
The amount of oxygen in the arterial blood of herbivore (sheep, 
rabbit) is found to be smaller, viz., from 10 to 15 volumes 
per cent.' 

This amount of oxygen is far too large to remain merely 
absorbed in the bliKxl. One hundretl volumes of water absorb 
4 vols, of oxygen at 0° G. from an atmosphere of pure oxygen; 
and from the ordinary atmosphere, in which the tension of the 
oxygen is five times less, it would therefore absorb less than 
1 vol. of oxygen, and at the temperature of the body even still 
less. Watery solutions also absorb less than pure water; 
a large proportion of the 10 to 25 vols, of oxygen in arteriu 

» Pfliiger. CtHtralhl. j\ d. med. irfVjr<-iijtrA.. p. 722 : 1867; and Pflugw** -4'**^ 
vi»l. i. p. J"^** : I'** •*. Tlu' previous aualyses are also given henp. 

-S/.lkow. \H\ \\k*W Arc/i.. p. :.!•;: 1n>4: Pivver. Wiener med. Jahrbefn 
p. lio: 1 *««>"»: Fr. Waltt r. Atrn./. (xpT. 7\i/A. u. Pharm.y toI. vii. p. US: l*''* 
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blood must therefore be chemically combined.' We know, 
\jx ^^9 ^^A^ i^ is ^^ hemoglobin which serves for this loose 
eoffibination.^ This is shown by the fact that a pure solution 
of hemoglobin, containing the same amount of hemoglobin 
as the blood, combines with as much oxygen and gives off 
as much in vaciio as the blood does. The larger proportion 
of oxygen in dog's blood than in the blood of herbivora 
is explained by the fact that the former is endowed with 
% larger amount of blood-corpuscles and of hemoglobin. The 
amount of hemoglobin, and therefore of oxygen, is much less 
considerable in the blood of cold-blooded than in that of warm- 
blooded animals. 

The compound of oxygen with hemoglobin, or ^ oxyhemo- 
globin,' is well known to be of a lighter color than reduced 
hemoglobin, and shows different lines of absorption in the 
spectrum. The bright red coloring of arterial, and the dark 
red tint of venous, blood depend upon this fact. 

If oxygen is chemically combined with hemoglobin, we 
should expect them to be combined in molecular proportions. 
It would be interesting to ascertain how many atoms of oxygen 
go to one atom of iron. The analyses made up to the present 
time are not exact enough for this purpose ; they show how- 
ever that about 2 or 3 atoms of oxygen correspond to 1 atom 
of iron.' The figures, so far, only demonstrate that there is at 
least four times as much oxygen taken up in the transition of 
hemoglobin into oxyhemoglobin, as there is in the transition 
from suboxid to oxid of iron, or from ferrocyanid to ferricy- 
anid of potassium. Possibly the sulphur of the hemoglobin 
also plays a part in the loose oxygen compound, and a similar 
part may be assigned to the sulphur atoms in all proteids. 
It is noteworthy that, according to previous analyses, the 
animals that require more oxygen (compare Lecture XIII.) 
have likewise more sulphur in their hemoglobin. Four atoms 
of sulphur in the hemoglobin of the horse, six in that of the 
dog, and nine in that of the hen, go to two atoms of iron.^ Is 
this an accidental correspondence ? 

^Liebig in bin Ann, d. Chem. u. Pharm., vol. Ixxix. p. 112: 1851; Lothar 
liqrer, "Die Gaae des Blutes," Dissert.: Gottingen, 1857; also Ilenle and 
Weufer's Zeitschr. /. rat. Med., N. F., vol. xviii. p. 25G : 1857. 

' Hoppe-Seyler, Arch. /. path, Anat.y vol. xxix. p. 598: 1864; and Med. 
e*m. UiUers,, p. 191 : 1867. 

'Hufner, ZeU'tehr.f. phygiol. Chtm., vol. i. pp. 317, 380 : 1877 ; vol. iii. p. 1 : 
1880. John Marshall, Zeitsehr. f. physiol. Chem., vol. vii. p. 81 : 1883. Hiifner, 
&ittehr. f. physiol. Chem., vol. viii. p. 358: 1884. The previous determinations 
*>^ quoted here. Compare also Hoppe-Seyler, ibid., vol. xiii. p. 477 : 1889. G. 
Hfifher, Du Bois' Arch., p. 13(): 1894. 

*A. Jaqtiet, " Beitr. zur Kenntniss des Hlutlarbstofles," Dissert.: Basel, 
1889. 
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The oxygen in loose combination with the hemoglobin may 
be displaced by an equal volume of carbonic oxid/ or of nitric 
oxid,* a fact which likewise speaks for the chemical union of 
the oxygen. 

It may be objected that the oxyhemoglobin combination 
could hardly be destroyed by a mere vacuum, if it were really 
a chemical compound. But, as a matter of feet, it is not^ 
the vacuum which splits up the oxyhemoglobin, but the heat^ 
A solution of oxyhemoglobin may be evaporated to drynes^^ 
at a very low temperature, i. e., below 0® C. in vacuo; H^^ 
oxyhemoglobin crystals are not affected. The higher the twN^'^ 
perature, the greater must be the pressure of oxygen in on^^ 
to counterbalance the dissociating force of heat. The affiiK^^ 
of a substance increases in proportion to the number of atoij^ 
which cooperate in the attraction, or in proportion to tfce 
number of atoms in the unit of volume. This phenomeoon 
is called the influence of mass.^ Two antagonistic forces 
are at work in the formation and decomposition of oxyhemo- 
globin : heat endeavors to separate, chemical affinity seeks to 
unite. Affinity increases with the influence of mass, with the 
density, with the partial pressure of the oxygen. The vacuum 
therefore acts only by reducing the mass-influence of the oxy- 
gen to a minimum, and thus enabling the antagonistic heat to 
attain supremacy. 

I may here remind my readers of an analogous phenomenon 
well known in inorganic chemistry. When chalk is burnt, the 
carbonic acid is separated from the lime by heat. But this 
separation does not take place in an atmosphere of pure 
carbonic acid ; on the contrary, quicklime unites with COj at & 
high temperature, if the partial pressure of the carbonic acid 
be sufficient. If the carbonate of lime is to be rapidly convertedl 
into quicklime, a stream of another gas must be passed over it, 
so as to reduce the partial pressure of the carbonic acid. The 
same thing takes place in the relation of hemoglobin to oxygen - 

^ Cl. Bernard, " I^eyous sur les effets des substances toxiques," Ac: Pari»» 
1857; Hoppe-J:>eyler, Virchow's Arch., vol. xi. p. 288: 1857 ; and vol. xxix.pi>- 
233, 5!>7 : 18(),3 ; Lothar Meyer, " De Sanguine oxydocarlwnico infecto," DiwerC- 
Vratislaviie : 1858 ; Hoppe-Seyler, Med. chem. Unters., p. 201 : 18(37 ; ZfiUchr. y^ 
physiol. C/iem., vol. 1, p. 131 : 1877 ; John Marshall, Zeitsckr. f. phytiol. Chnr^"* 
vol. vii.p. 81 : 1883; R. Kiilz, ibid., p. 384; G. Hiifner, Joum, f.prakt. Chfw^^^ 
N. F., vol. XXX. p. 67: 1884. 

2L. Hermann, Du Bois' Arch., p. 469: 1865; Hoppe-Seyler, Med. c\ew^^ 
UtUers., p. 204: 1867; W. Preyer, "Die Blutkrystalle," p. 144: Jena, 187 X ; 
Podolinski, Pfliiger's Arch., vol. vi. p. 553 : 1872. 

^ For the explanation of the phenomenon of the influence of mass, affbi 
by the mechanical theory of heat, see I^thar Meyer, " Die modemen Theori 
der Chemie," 5th edit., p. 479: Breslau, 1884, or "Lehrbuch der allgemein-' 
Chemie," by W. Ostwald, vol. ii. part ii. : Leipzig, 1887. 
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In the alveoli of the Iiiogs, where the partial pressure of the 
oivgen is considerable, the hemoglobin is completely or very 
nearly saturated with oxygen. In the capillaries of the tissues, 
There the oxygen that has been simply absorbed diffuses itself 
or enters into combination with reducing substances, so that 
llie pHrtial pressure diminishes, a portion of the combined 
orfgeu is at once set free by the liberating force of heat, and 
tlie partial pressure of the oxygen rises again till it balances 
ihe effect of the heat. In this way, the red blood-corpuscle is 
alwsj-fi surrounded by oxygen under a definite pressure. 

This arrangement serves a double purpose. Firstly, there 
is fiir more oxygen brought to each tissue by the blood-current 
in a definite period than would be possible by simple absorption 
of the oxygen without chemical combination. The jirocesses 
of oiidatiou might go on much mure rapidly, and yet there 
Would nut be a scarcity of oxygen. The amount of oxygen 
10 tiie plasma is very little less when the oxygen is lavishly 
Wed up than when it is economically expended. The store 
"foiygen in the capillaries is never exhausted under normal 
ooaditions. In venous blood, at least 5 per cent, by toI- 
■ffle of oxygen is always found, and generally far more, 
Onlr in asphyxia! blood does the oxygen almost entirely dis- 
Vpear.' 

Secondly, the chemical combination of oxygen offers the 
ffeat advantage that the inten.gity of the processes of oxidation 
^ lo a great extent, independent of the partial pressure of the 
'ta'gen in the surrounding media. Direct experiment has 
^wn that tlie partial pressure of the oxygen in the surround- 
bg atmosphere may increase threefold or diminish to one-half 
rithout any disturbance being manifested in the breathing of a 
Hmmal.' 

When the partial pressure is reduced still furtlier, the fre- 
Oeney of respiration increases; and when it sinks to 3.6 per 
BDt. of an atmosphere, the animals die.' 

Fraenkel and Oeppert * allowed dogs to breathe rarefied 
tanuspheric air, and analyzed the gases of tlieir arterial blood. 

' N. Stn^anoir, PBugfr's Areh.. vol. lii. p. 22 ; 1876. The previous eiperi- 
Hita on the blood oranphTxiated animuUare quolnl here. 

■With. Uiiller. Ana, d. (7A«in. «. /■Aurm., Tol. criii, p. 237: I35S. Paul 
jVt. " La prrwion bBromftriqae ": Paris, 1878. A. FraeDkel knd J. Geppert, 
Dcber ilie Wirkun^n dcr TerduiiDleti LiUft auf den Organismua": Bprlin, 
" 'iwald. 1W<3. Vidf tXao U. d« Saint MurtiD, Campl. rrad., T«l, icvJH. p. 
iSM: aaAS.Lak^imav.XriUeKr.f.phyiiol. CArm., vul. viii. p. 313: 1884. 
X. Strognnov, PDfiger'R Arch., vol. xii. p. Dl : I87S. ka account of former 
: u given heiv. 

' PraeDkel and (icppert, loe. ei>., p. 47. The EiperinienU limilBr to those of 
Bert are aloo oriticallr dtacuned here. 

w 
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They found that when the pressure of air sank to 410 mm. Hg. 
the normal amount of oxygen was retained in the arterial 
blood. If the pressure of air sank to between 378 and 365 
mm. Hg., or to half an atmosphere, the amount of oxygen in 
the arterial blood was somewhat diminished. But it wa^ not 
until the atmospheric pressure sank below 300 mm. that a con^ 
siderable decrease of oxygen was observed. 

The partial pressure of oxygen might d. priori have 
thought to exercise a much slighter influence than we ha 
shown it to possess ; for, according to the experiments 
Worm Miiller,* the blood outside the body becomes almost co^;^ 
pletely saturated with oxygen on being shaken with atmosph^w * 
air of only 75 mm. Hg. But these experiments were carr/^ 
out at the temperature of the room. At the temperature of tie 
body, decomposition of the oxyhemoglobin b^ins at a higrier 
partial pressure, as Paul Bert* and Fraenkel and Geppert* have 
shown. And besides it must be remembered that, in the lungs, 
oxygen at a low tension cannot be diffused through the walls 
of the alveoli rapidly enough to saturate each blood-corpuscle 
during its short transit through the capillaries. 

The experience obtained in mountain and balloon ascents is 
in complete harmony with the results of the experiments on 
animals.* Real dyspnea does not b^in till a height of 500O 
meters is reached, which corresponds to a mercurial pressure of 
400 mms. Human beings and animals live as well on the high 
plateaus of the Andes at 4000 meters above the level of the sea 
as on the sea-coast. 

The poisonous influence of carbonic oxid depends perhaps 
only on the displacement of the oxygen. J. Haldane* found 
that the poisonous effect was smaller, the greater the partial 
pressure of the oxygen. If the oxygen pressure amounted to 
two atmospheres, the carbonic oxid pressure could be raised to 
as much as one atmosphere, without any inconvenience to the 
animal. Animals devoid of hemoglobin (e. g., black-beetles), 
are not influenced in the slightest d^ree by the presence of 
carbonic oxid in the air. 

We must now ask in what organs and tissues of our bodi 
the oxygen gets used up. 

Lavoisier, who first recognized the importance of oxygen i 
vital processes, thought that combustion occurred exclusiveH 

^ Worm Miiller, Ber. d. sacks. Ges.j vol. xxii. p. 351 : 1870. 
' Paul Bert, " La pression barom^trique," p. 691. 

'Fraenkel and Geppert, "Ueber die Wirkungen der yerdunnten Loft m 
den Organismus," p. 57. 

* Paul Bert, loc. cU., gives an interesting account of these experiences. 
" J. Haldane, Joum. of Physiol, ^ vol. zviii. p. 201 : 1896. 
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in the lung. It was not until Magnus ^ had analyzed the gases 
of the blood that it was proved that oxygen passes on to the 
capillaries^ and there partially disappears. But the question as 
to whether the processes of oxidation are completed only within 
the closed blood-current, or whether free oxygen is diffused 
through the walls of the capillaries into the tissues, has not yet 
been decided. 

The former theory, i, 6., that the oxygen is consumed within 
the blood-vessels, has found supporters even up to the present 
time. The most obvious objection to it is that kinetic energy 
is liberated in the tissues, and particularly in the muscles, and 
that the most fertile source of energy lies in the affinity of 
oxygen for the substances of nutrition. But, on the other hand, 
we know that there is stored up in food a considerable amount 
of chemical potential energy, which is converted into kinetic 
energy by the mere decomposition of the food-stuffs, without 
any oxidation taking place (compare Lectures X. and XXIII.). 
The amount of this potential energy is not exactly known ; it 
must be admitted that it may be sufficient to perform the work 
of muscle, and that the products of decomposition thus formed 
may difiiise into the capillaries, to be there oxidized, and then 
to 8er\'e as sources of bodily heat. 

This view appeared to receive confirmation from the follow- 
ing experiment of Ludwig and Alexander Schmidt.^ It has 
already been mentioned that the blood of animals which have 
died from suffocation contains only traces of oxygen, and some- 
times none at all. If oxygen be added to such blood outside 
the body, a part of the oxygen thus artificially introduced 
rapidly disappears, and the carbonic acid is increased. The 
blood from asphyxiated animals contains substances that are 
readily oxidized. The blood of other animals also combines with 
some oxygen outside the body,^ but the oxygen absorbed is much 
less in amount and disappears much more slowly than in the case 
of the blood from asphyxiated animals.* Ludwig and Alexander 
Schmidt explain these facts thus : Under normal conditions, 
readily oxidized compounds are continually finding their way 
fiona the tissues into the capillaries, where they are immedi- 
ately decomposed by the free oxygen, so that they cannot be 
^^^^ocd in normal blood. In asphyxiated animals, on the other 

^ G. Magnus, Ann. d, PhyHk, vol. xl. p. 583 : 1837 ; and vol. Ixiv. p. 177 : 

"* Alex. Schmidt, Ber. uber die Verhandl. der sacks. Ges. der Wissenseh. zu 
^jp«-ijr, Math. phys. Clarae, vol. xix. p. 99 : 1867. Vide also N. Stroganow, 
'^^^•fg Arch., vol. xii. p. 41 : 1876. 

* Pfluger, Ctntralhl.f. d. med. Wisaensch., pp. 321, 722: 1867. 

*• Alex. Schmidt, loe. cit., p. 108. 
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hand, tber refosin stored ap to the blood io cousei^ueiice of tbe 
■bwnce uf ozygeo. Aooordiog b) the laws whicL govern the 
diffuinun of gases, we ebould expect to find that the oxyg«D in 
tlic blood would penetrate the liquids of all the tissues. It is 
however couoeivable that the oxygen mar be hindered Irom 
doing BO by the reducing sub.-itances which, flonHng DDintermit- 
tently from the tissues into the blood, meet the oxygen on its 
way and prevent its advance beyond the capillary wall. 

The opposite view, that oxidation lakes place in the other 
tisBUes aft well,' rests U]>on the fallowing facts of comparative 
physiology.' It is well known that nearly all the lower aaimal^ 
which have no blood, die at once without oxygen, and that this 
source of enei^ is indLspensable to every cell.* The vegetable 
cell haa likewise essentially the same metabolism, and canaot 
live without free oxygen. The higher animals, with a differen- 
tiated system of blood-vessels, require oxygen iu the first stage 
of existence, even before the formation of blood-corpuscles, »» 
the respiration of a bird's ^^ shows.' 

Nevertheless we cannot admit that these facts afford in- 
dubitable pnwf of respiration in the tissues of the higher 
animals when fully develoi>cd ; for the essence of the bi^er 
organisation consists in the fact that there is, synchronous wilb 
the dilferentiatioti of the tissues and oi^ns, a division iif 
labor. It is quite conceivable that decomposition and oii^i- 
tjon may take place in the same cell among tlie lower aaimal^ 
only, and that in the more highly organized ones the dutynf 
oxidation is exclusively rel^flted to the blood, the processes of 
decomposition going on in the other tissues. 

But it can be shown that oxidation also occurs io the 
tissues of insects, which possess a vascular system althnugb 
not so highly developed as the vertebrata- This is pnivwl hj 
the fact that the finest branches of a trachea run down «? 6^ 
as the individual cells of the tissue.* The observations nude 

1 The first decidnl ailvorBie of thU liew vu, to fu n I kaa>, ^<^ 
Traube, Virchoir'i ArtA., vol. ixi. p. 3W : 1861. 

' Pflagrr. in his Arth., toI. i. p. 270 ; 1S75. 

•Itiictilla matler if iili i . I ll i i itlTii iiniiiliiiiii iif lt|- '^ 
kuid — jeailMMlli. certain bacteria — can live entirKlj with— t fica aajlf*. ""H^ 
robie." ll appears hovcTer that thii qncatioB maj mm ba aaaiMnd ■'■' 
afinnatiire. Vidt3.\i.Qaaa\nt.Joitrw^f.prmH. ««l. toL iri. f. Si*: 1^' 
Tol. ITU. p,. 266: 1878; and rol. ix. p. Oi: I8T9; V*Mti. Jmmr».f.P^ 
CkoK,. Tol.iix.p.337: 1ST9; Br. Laehowin aad NcDcki. Plta«ei^ Ji«t>'*'' 
zuiii. p. I: ISaS; asd Nvack). Fflager'a jtfcik., TSL xuiiLpL W: US. ^, 

part alio G. Bang«, " Uebvr daa Ti liitTn Ji'iifiiiw As Ifciaijin^" 

Zeittchr. f. pkytiol. Ctf*.. voL TiiL p^ « : I88X 

* J. Baan^jftnCT. " Per Athia— ff| i t « M— im R." TttSkuif L K. : U**- . 

• Kapflo-, " Beitric* or AM»aaM« *mA Ftya u Jup u . ab FMV^ *^- ^ 
«% cnriil^Ti>B«iDen&chulcni."p.«r: IDTS; Flakl«i;r~' ' ' ' 

X. PL 173: lan. 
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y Max Schiiltze' on the Lfimpyrig aplendidala are particularly 
ODclusive. In the glow oi^aas of this animal certain cells 
dhere to the tracheal endings, " like the flowerets of an ma- 
elliferous plant." Tbese cells, ae well as the trachetil endings, 
taio a deep hlack ^vith oemic acid, owing to the separation of 
be metallic osmium; coiige<|iient]y there is present in these 
ells a substance with a powerfiil attraction for oxygen. It 
lay therefore readily be supposed that this substance, by com- 
iaing with the oxygen introduced through the tracheae, brings 
boat the development of light. The illuminating power of the 
aired glow organs continues after they have been isolated, and 
ken after s microscopic section has been made. Max Schultze 
BMr\'ed under the microscope that " with tlie rhytlimic increase 
Dd diminution of the light, which these animals generally ex- 
kibit distinctly, the first appearance of the light is characterized 
>y minute coruscations in Uie glow organ, which correspond in 
lumber and arrangement to the terminal cells of the tracheae." 
When the oxygen is withdrawn, the illuminating power ceases.' 
Max Scbultze also remarks that the tracheal terminations in 
Mher organs, as well as those in the glow organs, are rapidly 
'lined black if the animals be placed alive in osmio acid. 
In view of these facta, it cannot be doubted that free 
is used up in the tissues of insects. A critical observer 
^vertheless hesitate before applying these results to the 
tebrata. In the case of the latter, it is only in the placenta 
xtammols and in the salivary glands that the oxygen has 
n definitely proved to make its way out through the capillary 
ills. 

The blood of the umbilical vein is of a brighter red than 

Bt of the umbilical arteries, and oxybemc^lobin can be 

bced in the former by the spectroscope.' It is well known 

mi. the blood-vessels of the mother and of the embryo do not 

mnnicate in the placenta; they form two separate capillary 

ems. The oxygen must therefore be first diffused through 

capillary walls of the mother's vascular system, and then 

Diigh those of the fetus, before reaching the blood of the 



lUuScbultie, Arei.f.mik. Jbo(., vol. u p. 124: 18BS. 

iling acvnuDt of the namerniiH obaerratioDS on tbe illuminatiDg 
wmti 01 VBnout aniiijRlR, ami its dvpendvnFf on the presence of oxygco, is 
'twv» hj Milne KdwBfds, " Lesons »ur Is physiologie Pt ranilomk comparfe," 
si. viii. pp. 03-120: Paris, 1863; and b? PKuger, in his Arch.f. d. ga. Phy., 
al. I. pp. 2TE-300 : 1876. For the exptrimeDU on the ohemical aide, vUIe 
ladiWwBbJ, Ber. d. deuUelt. ehfm. Gri., vol. xvi. p. 507 : I8H3, where Che pre- 
lii» inhjeet are quoted. 
'Zwedel. Arch. /. Ggiii'iiotofU.vo\.ii. p. aSi : l?7S:ZuuW, PfliiRer's .^rcA., 
. ST. p. dU6: 1877. 
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That oxygen passes through the capillary wall in 
salivary glands is apparent^ for the simple reason that 
saliva contains free oxygen. So large an amount of oxyj 
passes out of the blood therefore, that the cells of 
glandular tissue cannot consume it, and the excess esca^ 
with the secretion. Pfliiger^ ascertained the presence 
absorbed oxygen in the submaxillary secretion with the ^^, 
of the gas-pump ; he found that it amounted to from 0.4 to o^ ^ 
per cent, of the volume of the saliva. This feet was confirniecf 
by Hoppe-Seyler, who used a very sensitive test for free oxygeaa, 
a hemoglobin solution which, on coming into contact witli 
fluids containing oxygen, at once shows the absorption-baods 
characteristic of oxyhemoglobin.* Hoppe-Seyler found tka.t 
the secretions of both the submaxillary and of the paroti<i 
contained oxygen. 

Hoppe-Seyler, on the other hand, could detect no trace of 
oxygen in the bile and urine with the aid of his sensitive 
reagent.' Nor has any free oxygen been found definitely Exi 
lymph. Free oxygen has therefore not been proved wifcli 
certainty to exist in most organs of vertebrata. 

Pfliiger and Oertmann * founded their proof on the foUo^ws^- 
ing experiment. They showed that a frog, in whose vaseulcLr 
system a solution of common salt circulated instead of bloocS, 
used up as much oxygen, and produced as much caiboiLmo 
acid in an atmosphere of pure oxygen, as a normal frog wouX^ 
do. A fine cannula is tied into the central end of the abdomia^il 
vein * of a frog, and a 0.75 per cent, solution of salt injecte^i, 
until increasingly diluted blood and finally pure salt solutioxi 
flows from the peripheral opening of the vein.* Frogs tbr 
treated generally lived one or two days. If such frogs we 
introduced into an atmosphere of pure oxygen, they consumi 
as much oxygen and developed as much carbonic acid in fro: 



^ Pfluger, in his Arch., vol. i. p. 686: 1868. 

2 Hoppe-Seyler, Zeitschr. f, physiol. Chem.^ vol. i. p. 135 : 1877. The ap 
ratus used by him to admit of the action of the hemoglobin solution on ic: 
secretion, without coming in contact with the atmospheric air, is 
here. 

* The traces of oxygen which Pfluger {Arch.^ vol. ii. p. 166 : 1869) found 
the gases that were pumped out of the urine, milk, and bile, were probably okx.1t 
due to the unavoidable contamination with atmospheric air. 

* E. Oertmann, Pfliiger's Arch,, vol. xv. p. 381 : 1877. 

* The work of Alex. Ecker, ** Die Anatomie des Froeches," Viewegand Sot^Of 
1864-1882 [translated into English by G. Haslam, Foreign Biological Memoi.x^ ; 
Clarendon Press, Oxford] , will serve to acquaint the reader with the anatomy o^ 
the frog. It is plentifully supplied with illustrations, and contains a complete 
account of the literature of the subject. [A new edition of this work, edited V 
Gaupp, is now appearing.] 

® This method of obtaining frogs free from blood was first introduced ^7 
Cohnheim (Virchow's Areh.^ vol. xlv. p. 333: 1869). 
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H^ to LweDty hours as a normal anituul, OenmutiD concluded 
Bfcwifn tliis experiment that oxidation proceeded only in the 
Baeucs, bet^nuse they aloue iisnl up as much oxygen as the 
"■fesuti* "^'"1 the blood together. H'lt this is not a necessary 
OTDclusion. Tlie facts may equally well be interpreted in 
support of tfie opposite view. It might be ai^ed in this 
cose that, again, only processes of decomposition had takon 
in the tissues of the ' salt-frog ' ; that the produoto of 
ompositioD had been difTuBcd through the capillary wall 
^to the solution of salt containiug oxygen, and had been 
xidized within the clo,^ vascular system. The partial pres- 
inre of the oxygen, being five times greater than uormal, had 
lade up for the want of hemoglobin. 

In conclusion, we must however mention the following 
Jrery interestiug fact, ascertained by Ludwig and his pupils. 
:C<inasaiew ' foimd that the reducing substances of the blood 
>ni asphyxiated animals occur only in the blood-corpuscles, 
:i«l not in the serum ; and Tschiriew ' found that the lymph 
ijnch animals is also free from these substances. 
It thus appears that the blood is only couccrned in proc- 
* of oxidation in so far as living cells are suspended in 
It ; that all oxidations in our body proceed exclusively in the 
a.«i*ive elements of the tissues — in the cells and the products of 
^ia« metamorphosis, but not in the fliuds surrounding them. 
■ This theory is rendered so probable by all the facts and 
Mtmalogies of the case that it is accepted by every physiologist. 
■^ We have now to consider how the rapid and complete 

»;3^idution of the food-stuffs ui our tissues is to be explained. 
T'lie food eaten at the mcjst abuudaut meal becomes, before six 
tk<:>urs have elapsed, nearly all converted by oxidation uito the 
ft«ik(l-prodnct«, carbonic acid, water, and urea ; whereati proteid, 
fa.fc, and carbohydrates are not affected by oxygen external to, 
■-wimd at the temperature of, the body. Other conditions favor- 
>le to oxidation must therefore be present in tlie body. 

The most obvious suggestion was that the alkalinity of the 
Mood, of IjTnpb, and of protoplasm had something to do with 
■"ae matter. It is known that the oxidation of organic sub- 
ADces proceeds more rapidly in an alkaline than in a neutral 
■ acid solution. I may remind my readers of the behavior 
pf pyrogallol — and, indeed, of all polyatomic phenols — of the 
euco-compounds of nnmerons dye-stuffs, of grape-sugar, &c. 
The latter, dissolved in soda, absorbs oxygen rapidly at the 
Dpemture of the body. But it must be remembered that 



248 LEcrruRE xvn 

for this purpose free alkali is necessary, whereas oar tis^^ 
contain only carbonates or possibly bicarbonates of the alka^;^^^ 
since free carbonic acid penetrates all tissue elemente. ^^ 

Nencki and Sieber ' have indeed shown that dilute solutj^^^ 
of sodium carbonate and grape-sugar or proteid also at^^ 
oxygen. But the amount absorbed is small, and the absorp. 
tion takes place very slowly. Schmiedeberg * showed thai 
benzylalcohol and salicylaldehyde are not appreciably oxidised 
by the atmospheric air in the presence of water. If these 
substances were brought into contact with blood or dilate 
sodium carbonate solution instead of water, a small trace of 
the benzylalcohol was oxidized to benzoic acid. The salicyl- 
aldehyde was also under these circumstances unchanged. If 
however these substances were passed with oxygenated defi- 
brinated blood through the kidneys or lungs of dogs or pigs, a 
considerable amount of both was oxidized to benzoic acid and 
salicylic acid respectively. The same result was obtained when 
watery extracts of these organs mixed with salicylaldehyde 
were exposed in thin layers to the action of the atmospheric 
oxygen. The quantity of salicylic acid formed however waa 
only small. Boiling destroyed the oxidizing action of the 
extracts.^ It seems to me that we cannot at present draw any 
conclusion as to the behavior of the food-stuffs in our body 
from a consideration of the changes undergone by such easily 
oxidizable substances. 

In order to explain the rapid oxidation of food-stuffs in 
the body, recourse has been had to the assumption that a 
portion of the inspired oxygen is converted in our tissues int/o 
that powerful oxidizing modification termed ozone. Even 
Schonbein/ the discoverer of ozone, mentioned this hypothesis. 
What therefore is known concerning ozone ? 

If induced currents be allowed to pass through oxygen, 
condensation takes place, and the oxygen now contains ozoDe. 

A small part only of the oxygen — ^at most 5 per cent. is 

converted into ozone. The volume of the ozone amounts to 
only two-thirds of that of the oxygen from which it \«ra8 
formed. Soret* has ascertained this in the following manner. 
Oil of turpentine absorbs only the ozone from oxygen cot»- 

^ Nencki and Sieber, Joum, f, prakt. Chem,^ vol. xxvi. p. 1 : 18S2. 

2 Schmiedeberg, Arch, /. cxper. Path. u. Pharm.y vol. xiv. pp. 288 and .^^-'J^' 
1881. Compare also Salkowski, Zeitschr. f, phytiol, Chem.^ vol. vii. p. 155 : U 
and Centralhl. f. d. mcd, Wiaaeiisch.^ p. 849 : 1892. 

^ A. Jaquet, Arch./, exper. Path. u. Pharm., vol. xxix. p. 386 : 1892. 

* Schonbein, Poggendorff's Annal., vol. Ixv. p. 171 : 1845. 

* Soret, Ann. Chem. Pharm., vol. cxxvii. p. 38 : 1863 ; vol. exxx. p. 95 : 1- 
Suppl. v. p. 148: 1807; Compl. rend., vol. Ivii. p. 604: 1863. 
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ozone, lilt; aiuuuut of wLich is 08061*1111 it ed from the 
nutiuu of volume. If a sample of thi^ oxygeu con- 
Dg o£one be lieat«d, the ozone U destroyed, and the 
ne increases. This increase of volume is always half as 
^ I as the diminution of volume by absorption. Tiierefore 
I^Katiiig, one volume of ozone becomes one and a half vol- 
|K of oxygen, two volumes of ozone become three volumes 
oxygen. It follows, both from this fact and from Avogadro's 
Uotheeja {that equal volumes of gas contain an equal number 
Pmolecules), that ozone wjntaina three atoms of oxygen in 
Ui molecule. Three oxygen molecules of two atoms each 
pre produced two ozone molecules of three atoms. We may 
Bgioe that the two atoms in the oxygen molecule become 
|Mirnted from each other by the kinetic energy of the electric 
^reat, and each of them attaches itself loosely to an intact 
^r^n molecule. This tliirti oxygen atom, thus loosely com- 
ped, has a strong affinity for oxidizable substances.' In fact, 
I oxidation by (ijwne, never more than a third of the weight 
r the ozone enters into ciimbiuatton, and no diminution of 
flume of the oxygen containing ozone occurs. 
i This tlieorj' is also strictly in accordance with the fact that 
Ibd at a low temperature ozone oxidizes substances which 
■Bnary oxygen does not attack except at a high temperature. 
I the case of ordinary oxygen, the atoms must first be sepa- 
jted by the kinetic enei^ of heat. With ozone, this was 
jjne beforehand by the kinetic energy of the electric current. 

It is well known that ozone also arises as a by-product 
jEring the slow oxidation of pho.fphorns. An idea can be 
jrmed of this process by the following explanation : during 
le alow oxidation only one of the two atoms of the oxygen 
Uccule enters into combination with the phosphorus ; and 
|b other attaches itself to an iiudecomposed molecule of 
fcjgen. 

Ij It may be seen from the above that the third oxygen atom 
l.the ozone molecule, which causes the powerful oxidations, 
ki have no other properties than that of nascent oxygen. In 
|i9t it can be proved that wherever slow oxidation occurs, 
;i)ert of the oxygen acquires 'active qualities,' and acts in 
te same way as the ozone formetl during slow oxidation of 
pephorus. We cannot expect that ozone should be formed 
pen oxidizable substances are present, as these fix the nascent 
t^gen atom before it can unite with a molecule of oxygen 
i ibrm one of ozone. 

' It is with such conditions that we have to deal in the 
>C[iiuaiat, PogKemlortTs .4nnal., TOl.Plxi.p.SaO; 1864. 
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ot^iiism, and for these reasons ozone is never formed in ilie 
body, though we meet with energetic processes of oridatlon. 
A priori there is no point in trying to trace ozone b the 
animal body. Many liters of oxygen containing ozone miglil 
be introduced into the blood, and yet we could not purap ont 
a single molecule of ozone. 

The following experiments show that some of the oxygen 
atom.'^ attain ' active properties ' during lUow oxidatluii by 
ordinary oxj'gen. 

If ammonia be present during the oxidation of pyrt^Uol 
in alkaline solution by atmospheric oxygen, it becomes oiidinJ 
into uitrous acid.' I'eroxid of hydrogen is formed during lie 
oxidation of benzaldehyde.^ If metallic sodium be oxidized by 
air in the presence of petroleum-ether, the hydrocarbons, whicb 
compose the latter, are converted into the correspondiog alco- 
hols and acids.' 

It is well known that benzol cannot be converteii into 
phenol by the action of the ordinary oxidizing agentfi, but tli»l 
it can by means of ozone.' It can however be done by ordinary 
oxygen, if ferrous or cuprous sulphate are present.' We niii="l 
imagine that the suboxid fixes one of the two oxygen Bloms, 
while the one set free oxidizes the benzol. 

Palladium-hydrogen has the same effect as the euboiid 
of iron or copper. Graham has shown that, if palladium foil 
be employed as the negative ele<'trode in tlie eleetrolypis "f 
water, no hydrogen is developed at this pole. The hydrogai 
unites with the palladium. The met^il takes up nine hundred 
times its volume of the gas, while at the same time its oim 
volume increases. This combination gradually liberates a part 
of the hydrogen; it behaves like nascent hydrcgen. Whoi 
therefore tlie palladium-hydrogen comes in contact with atmos- 
pheric oxygen, the hydrogen becomes oxidized, a part of the 
oxygen is rendered 'active,' and if benzol is present, it is tod- 
verted into phenol, as it would be by ozone.' 

> Tbiseiperimentof BauiooiiiD'swtw t'ommuniuiUd \ij Hoppe-Scylec. J'r'''' 
deuUcfi. chem. G<t., vol. xii. p. 1663 : 1879. 

' Hadenowitsch, Btr. d. dniUek. chem. Gft.. p. I2DS: 1873. 
'Boppe-Sey\ei,£rr.d.detUich.chrm. Get., vol. xii. pp. 1U3, IBM: i0- 

* Nencki 8iid P. Gincoaa, Zeiltchr. /. pkytiot. Chen., vol. iv. p. 33(1 : IS*' 
Leeds (Brr. d. druUeh. ehm. Get., vol. ilv. p. 976: ISSl) could Dol cw'''" 
Ibia atatement ; hi hit ezperimeuU, the benzol vm OKidiitd into Mrboiii' ■°°' 
oxalic acid, forniic acid, and acetic acid. Bat the oonditiona nndfr whi^ '*'' 
eipuiimeDta irere carried out differed io tbe tvro cases. 

■Nenclciand Sieber, Joum. f. prakt. Chrm.. vol. xivi. pp. S4, 25: 1883. 

• Hoppe-Seyler, Zeilachr. f. phj/n'ol. Chem., vol. ii. p. 22: 1878; »ad «'■ ■■ 
p. 36 : 1886 ; Ber. d. druUeh. chem. Oct., vol. lii. p. 1651 : 1879 : and T'i. "': 
pp. 117. iet7: 1SH3. Compare alao Leedi, ibid., vol. xiv., p. 975: 1^1;*"' 
Monti Tranbe, ibiit., vol. it. p. 650; vol. xri. pp. 123, 1301: 1B83: *i^ "^ 
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^d'ascent oxygen, as might d priori be assumed, acts as a 
,oxr^ energetic oxidizer even than ozone. Ozone, for instance, 
acKj^ot oxidize free nitrogen, any more than it can carbonic 
)^id. The nascent oxygen, on the other hand, arising from 
the 30tion of palladium-hydrogen on ordinary oxygen, oxidizes 
{ree nitrogen to nitrous acid, and carbonic oxid to carbonic 

If benzol is introduced into our body, it mostly reappears in 
flie urine as phenol.* We may therefore assume that reducing 
GKibetances also occur in our tissues, and play a part similar to 
d^Cit taken by them in the above-mentioned experiments with 
palladium-hydrogen or the metallic suboxids. I have already 
staitied (pp. 244, 247) that such reducing substances are 
found in the blood of asphyxiated animals ; and they are 
ffioreover to be met with in all tissues. Ehrlich^ showed 
thut blue coloring matters, as alizarin blue, indophenol blue, 
lose their color in the tissues of living animals, and that the 
tissaes turn blue again on contact with the air. We may 
assume that these readily oxidizable reducing substances arise 
by fermentative action from the food-stuffs along with other 
products of decomposition that are not readily oxidizable. 
But as soon as the readily oxidizable substances become oxi- 
dised by the inspired oxygen, a part of the oxygen attains 
* active ' properties, and oxidizes those which are not readily 
oxidizable. 

That reducing substances do arise by fermentative action 
in the cells, may be seen in butyric acid fermentation. The 
hydrogen liberated in this process becomes oxidized by ordi- 
oary oxygen to form water. Hydrogen never proceeds from 
fermentative processes, if there has been a sufficient access of 
air.* This explains the absence of hydrogen in the atmosphere 
in spite of the extensive processes of fermentation going on all 
over the surface of the earth. 

The formation of saltpeter shows us moreover in a very 

JKviii. pp. 1877-1900 : 1885 ; also BaumaDn and Preusse, Zeitschr. f. physioL 
CAein., vol. iv. p. 453: 1880; Nencki, Joum.f. prakt. Chem., vol. xxiii. p. 87: 
1880; and Baumann, Zritwhr.f. physiol. Chem., vol, v. p. 244: 1881 ; and Ber. 
<*. deuUch. ehem, (?«., vol. xvi. p. 2146 : 1883. Moritz Traube has raised objec- 
*iona of considerable weight to the theory that oxygen is rendered active by 
"educing substances. I have given this theory in my account, but must expressly 
■tate that it may involve hypotheses and analogical inductions from facts which 
Poonbly are capable of a different interpretation. The reader may form his own 
judgment from the interesting and instructive works quoted above. 

^ Baamann, Zeitschr,/. pkyaiol, Chem.j vol. v. p. 244 : 1881. 

'Scholtzen and Naunyn, Reichert and Du Bois' Arch., p. 349 : 1867. 

*P. Ehrlich, "Das Sauerstoffbedurfniss des Organismus'': Berlin, 1885. 

* Hoppe-Seyler, Pfluger's Arch.^ vol. xii. p. 16 : 1876 ; Zeitschr. /. physioL 
Ohem,, vol. viii. p. 214 : 1884. 
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remarkable way, how processes of oxidation may go on in a 
most energetic manner at the same time as processes of decom- 
position produced by putrefactive organisms. Nitrog^i, which 
has but a slight affinity for oxygen, is raised to the highest 
stage of oxidation by the oxygen-atoms which are liberated 
during the oxidation of the reducing putrefactive products 
and which oxidize the ammonia resulting from the decom- 
position. Recent researches have proved that certain living 
putrefactive organisms take an active part in the formation of * 
saltpeter.^ 

It is probable that all the cells in our bodies have the sam^ 
power as these unicellular beings, these organisms associate^^ 
with fermentation and decomposition. But we need n^;^ 
assume that the reducing substances formed by them a^^ 
always the same. Hoppe-Seyler * is of opinion that hydrog^ 
is liberated in the tissues of the animal body just as it is io 
certain unicellular putrefactive organisms. That the hydrogcxi 
cannot be detected in the tissues is no argument against this 
view. But, however this may be, the nascent hydrogen need 
not be the only reducing substance by means of which active 
oxygen arises in our tissues. These reducing substances may 
be of very different kinds in the various cells ; they may even 
be numerous and changeable in one and the same cell, accord- 
ing to the functions it is required to perform at a given 
moment.' 

The ^spontaneous combustion' of hay affords a striking 
example of the activity which oxidation of the organic food- 
stuffs may attain when decomposition of the latter has pre- 
viously set in. If hay is stacked before it is thoroughly diy, 
decomposition begins in the middle of the damp stack throu^ 
the action of organized or unorganized ferments. As all 
decomposition by ferments is accompanied by hydration, 
drj'ing is the best means of preventing it. Heat is liberated 
by the decomposition, and proportionately with the rise in 
temperature in the middle of the stack an ever-increasing 
accumulation of easily oxidizable decomposition-products is 
formed. If the hay be now disturbed so that there is free 

^ Muntz et Schlosing, Compt. rend., vol. Ixxxiv. p. 301 : 1877 ; vol. Ixxxv.p. 
1018 : 1877 ; vol. Ixxxix. p. 891 : 1879 ; Warrington, Chem, Newt, vol. xixvi. p. 
263 : 1877 ; vol. xxxix. p. 224 : 1879 ; S. Winogradsky, Compt. rend., vol. ex. 
p. 1013 : 1890. 

* Hoppe-Seylcr, Pfluger's Arch., vol. xii. p. 16 : 1876. Compare Nendd, 
Joum. f. prakl. Chem., vol. xxiii. p. 87 : 1880 ; and Baamann, Zeitschr.f.ph^tL 
Chcm., vol. v. p. 244 : 1881. 

' Compare Br. Kadsiszewski, " Zur Theorie der PhosphoresoenzerscheioaDg," 
Ber. d. deuUch. Chtm. (?<«., vol. xvi. p. 597 : 1883. 
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icceas of atmospheric oxygen to the interaal parts of the stack, 
the whole blazes up and U consumed.' 

The rapid oxidation of food-atiitfa which takes place in our 
lissaes offers no mystery if the analogies that we have dwelt 
upon are taken int« consideration. We must however not 
forget that the participation of active oxygen in the proceas is 
U present only an hypothesis, and that the facts are capable of 
■nollier explanation. 

The following facts observed by me" are not explicable 

on Hoppe-Seyler's hypothesis. Certain intestinal parasites, 

(^weially ascarides, can live and perform vigorous move- 

menta for several days without oxygen {compare Lecture 

XXin.). The kinetic energy of these movements can only 

oome from processes of disint^ration, and we should therefore 

expect, according to Hoppe-Seyter, that hydrogen would be 

produced together with easily oxidizable substances. This is 

lot the case. The animals give off a quantity of gas, which 

Can be proved to consist of pure carlxjnic acid, since it is 

entirely absorbed by potash. No hydrogen was therefore 

fermed. When I brought oxygeu in contact with the fluid in 

which the worms had lived without oxygen for several days, and 

IuhI during this time carried out active movements, no oxygen 

■^ras absorbed. We must conclude therefore that no ea.sily 

-oxidizable products had arisen as a result of the disintegrative 



Another hypothesis, first started by Moritz Traube,' 
3ns to me therefore worthy of attention. I refer to the 
idea that 'oxygen-carriers' are the active factors in the 
(themiod processes of our body. By this terra are meant 
■abstances which combine loosely with oxygen and readily give 
it up to others which do not directly unite with oxygen, A 
well-known example of sucli an oxygen transport is seen in the 
part playe<I by nitric oxid in the preparation of sulphuric acid. 
Bulphurous acid cannot unite with oxygen directly. But if 
nitric oxid he present, sulphuric acid results ; for the former 
body forma a loose compound with oxygen, and gives up the 
oxygen to the sulphurous acid. A small quantity of nitric 
Olid is capable of converting an unlimited quantity of sul- 
pbarous into sulphuric acid. 

A similar action to that of nitric oxid iu the oxidation of 



Thii process bo long kD<nvu Co farnipi 

chemicnl inveati^tions. 



io tlie CAmt. OntniJM., p. 31fi, ;>!ar 17 : IHSfl. Compare also Th. Scblua 
tag, Qnnpt. rmrf.. vol. avi.p. mi); 1SB8, and voLcviii. p. 927: ISSn. 
*n. Bunxe. ZtiUehr.f. phytiol. C*f^.. vol. xiv. p. 318: ISSO. 
M. TniiiW. "Tlicorieili-r FeruitijlwirkitnRen ": Bizrlin, IS.5S. 
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sulphurous acid is manifested by sulphindigotate of potassium 
in the oxidation of grape-sugar. If a solution of grape-sugar 
be heated in the presence of air with some carbonate of soda, 
only a very insignificant and unimi)ortant absorption of oxygen 
takes place. But if sul{)hindigotate of potassium be present, it 
gives up its loosely combined atom of oxygen to the grape- 
sugar and becomes decolorized. On shaking up the solution 
with air it again becomes blue ; the sulphindigotate of potassium 
has again taken up oxygen from the air. On letting the solution* 
stand for a brief period it again becomes decolorized. The bla% 
color remains permanent only at the surface, where the solutic^ 
continues in constant contact with the air. In this manner 
small quantity of sulphindigotate of potassium is able to eff(^ 
the oxidation of large quantities of grape-sugar, provided a ft*^ 
admission of atmospheric air be allowed. 

The same result can also be produced by cupric ox id. jj 
blue ammoniacal solution of cupric oxid is decolorized wb«i 
heated with grape-sugar. The cupric oxid is reduced to 
cuprous oxid ; it has given up one atom of oxygen to the 
grape-sugar. On shaking it up with air it again becomes blue, 
and so on. The cuprous oxid here plays the same part as 
oxygen-carrier that the nitric oxid does in the formation of 
sulphuric acid. 

The oxidation of oxalic acid in the presence of a salt of iron 
affords another example. Under the influence of light, oxalic 
acid is oxidized, carbonic acid is formed, while the ferric oxid 
is reduced ; the admission of air causes the ferrous oxid thus 
formed again to absorb oxygen ; and thus a small amount of 
ferric salt has the power of gradually causing the oxidation of 
a large quantity of oxalic acid.^ A similar part may j)os!iblv 
be played by the iron in our tissues, since this substance is 
present in loose combination wherever proteid and nuelein are 
to be found. 

A familiar example of this cjirriage of oxygen is to be 
seen in the oxidation by means of atmospheric oxygen of 
methyl and ethyl alcohol vapors to formic and acetic acids, in 
the presence of finely divided platinum, e, ^., spongy platinum. 
Here also we might consider the metal as an oxygen carrier, 
though chemists are generally content to S|>eak more vaguely of 
a ' contact effect.' Many attempts have been made to show 
that in this process the platinum could be replaced by organic 
substances, by ' ferments.' It is still undecided howevff 
whether organized ferments may not have been responsible for 
all these fermentative processes, as e. g., the mycoderma aceti in 

^ Pfeffer, Unters. aus dan hotan. Institut zu TiiMngm^ vol. i. p. 679: 1W6. 
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^e mraapid process of vinegar-making. We cannot however 
~ ' the possibility that unorganized ferments may also 
the oxidation. We have already seen how the same 
may be produced by a metal, an organic substance or a 
\\v\ng cell. In the same way ferments might be the oxygen 
cax^Tiers in our tissues. They must however be much more 
caex'getic in their action than the mycoderma aceti, since 
aloohol is oxidized in our body to its end-products, carbonic 
acid and water, and does not stop at the stage of acetic acid. 
We should have to assume the presence in our tissues of fer- 
ments which, in the shortest possible time, converted fats, car- 
bohydrates, and proteids into their end-products, carbonic acid, 
water, urea, and sulphuric acid. 

The theory of the presence of active oxygen in the tissues 
has also been shown to be at variance with the fact that certain 
very readily oxidizable substances remain wholly or partially 
unaltered in their passage through the tissues of our body, such 
as pyrogallol,^ pyrocatechin,^ and phosphorus.^ Carbonic oxid * 
which is converted into carbonic acid by nascent oxygen, and 
oxalic acid which is so readily oxidizable,* are quite unaltered 
in the organism. 

But these facts too may be explaine<l in another way. 
Every molecule, while on its travels, does not necessarily reach 
that point where it would meet with nascent oxygen. It even 
appears a plausible assumption that substances which do not 
belong to normal nutrition, or such as are poisonous, do not 
reach those cells in which the most intense oxidation occurs, to 
constitute a source of energy for the performance of normal 
functions. These cells, like all others, make their choice ; they 
work with definite material, and reject that which is likely to 
be injurious. 

Another explanation of the fact that pyrogallol and pyro- 
catechin do not become oxidized, is that they do not circulate 
in a free state through the body, but, like all hydroxyl deriva- 
tives of the aromatic hydrocarbons, /. f., all phenols, com- 



« _ 



* Cl. Bemarci, '* Le90D8 sur les propri^t^ phyHiologiques, «fec., des liquides de 
^'organisme," vol. ii. p. 144 : 1859; Baumann and Herter, Zeitschr. f. phytiol. 
CAm., vol. i. p. 249: 1877. 

* Baumann and Herter, ibid., p. 249. 

'Hans Meyer, Arch./, exper. Path. u. Pharm., vol. xiv. p. 329 : 1881. The 
pluvious literature on this subject will be found quoted here. 

^Gaetano Gaglio, ilnd,^ vol. xxii. p. 236 : 1887. In Gaglio's experiments the 
carbonic oxid was inspired. St. Zaleski {ibid., vol. xx. p. 34 : 1885) found that, 
^fter intraperitoneal injection of carbonic oxid blood, no carbonic oxid was 
^ven oat by the lungs. It thus appears that carbonic oxid, introduced in this 
^«y, becomes oxidized. 

^Gaglio, loe. eU,, p, 246. 
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bine with the sulphuric acid which arises from the decomposi- 
tion of the proteids in the tissues. The phenols play the ame 
part here that the alctihols do iu the fumiution of the sulphuric 
ethers, A union accompanied hy dehydratiou takes place; die 
sulphuric acid is converted Irom a dibasic into a monobaeic 
acid, and reappears in the urine as an alkaline salt. 

These conjugated sulphuric acids were discovered hjBuH 
mann. He showed that the urine of herbivora always coaUiis 
an abundance of phenol sulphate of potassium.' Together wilh 
this another conjugated sulphuric acid ixvurs, in which tte 
phenol is replaced by a methylated phenol called crea)l,'>nd 
also sulphuric acid conjugated with pyrocatechin * and with 
indoxyl.* These combinations were also found to be invariablj' 
present in human urine, mid only absent in tlie urine of cu- 
nivora if nf)thing but meat were eaten. If however phaiol b* 
administered to dogs, it appears in the urine as the correspoiidui; 
conjugated sulphate (compare Lectures XXI. and XXII.). 

It seems that sulphuric acid which, being the extreme eOgt 
of oxidation of sulphur, is not capable of further oxidation, b1«) 
protects the organic conjugate against oxidation, even if ibt 
latter belongs to the group of &t8. Salkowski * found thai 
ethylsulphuric acid, when given to a dog, parsed analtereil inld 
the urine. 

The question whether the nucleus of benzol is ever broka 
up by the decomposing and oxidizing agents occurring in our \ 
tissues, has not yet been settled. All aromatic compoumls, 
whose behavior in the animal body has been examined in 
detail, reappear in the urine as aromatic compounds, allhougb 
mostly in an altered form. Thus it is certain that benzoic aiw 
salicylic acids, when introduced into the body, can be entirely 
recovered from the urine, either unaltered or combmed witii 
glycin to form hippurJc acid or salicyluric acid respectively.' 
(Compare Lecture XIX.) But the exjierimenta with other arw 
matic compounds have not been executed quantitatively. Tbe 
possibility remains that at least a small part is decompowi' 
Outside the organism, benzol can be oxidized by the action "t 
OBOue at an ordinary temperature, and thus converted in'" 
carbonic acid, oxalic acid, formic acid, acetic acid, and a" 

■ BAuniaiin, Pfluger'a AtcIi., vol. lii. p. GB : 1876 ; nad vol. liii. p. 2K1: I*™' 
' C. PreuBse, Zdtmshr. f. phyiiol. Chem.. vol, li. p. 355 : 1878 ; uid BiitgC. 

rtiJ,, vol. iv, p. 21M : 1880. 

■ Baumann, Pflugcr's .JrrA., vol. lii, p. 63 : 1676. 

•Baum&minndL. linegtT.ZeiUcKr.f. phytiol. CArm., vol. iii.p. XS4: >^ 
>E. Salkowski, Pfluger't JrcA., vol. xil.p. 63: 1876. 

■W.v. Schroder. 2ri/*:Ar./.p*tf*ic/.0S«in., vol, iii. p. 337: 1879; tJ.>*o*'' 
Areh.f. fiptr.Path. u. Pliam., vol. xxyi. p.iUU : 1BS6, 
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>rpboiis black residue.' Should a really active oxygen be 
[lonstrat^d as existing in our tissues, we might infer that a 
Delete decomposition of the benzol would also 04.K^ur in 
na. 

Phenol is oxidized and split up by permanganate? of 
lassium in an alkaline solutiou, with the production of 
alic acid. Tliis fact led Salkowski ' to examine the blood 
ntbbit£ poisoned by pbcnol for uxalic acid. Oxalic acid was 
t^cted in two out of three cases, but uot lu the blood of two 
kllhy rabbits. 

Experiments carried out by Tauber ' and Auerbach ' in 
Ikowaki's laboratory and by Schaffer'' in Xencki's laboratory, 
>wed equally that if phenol be given to dogs, only a part, 
rying from 30 to 70 per cent, according to the amount intro- 
5ed, ever reappears in the urine and feces. But it should 
t be immediately assumed that the phenol which has dis- 
(teared, has under^ne combustion. It is quite possible that 
I benzol was not destroyed, but that the phenol had passed 
another aromatic compouud. Schafler iu fact found, in 
experiments in which he estimated the amount of couju- 
ted sulphuric acids, that these latter were increased after the 
dition of phenol, and in the e^act ratio of the amount of 
eool administered. No increase of oxalic acid in the urine 
old be detected in these experiments, nor in those of Tauber 
p Auerbach. Nor was the latter able to find any oxalic acid 

" e blood. 
|After Schotten * aud Baumann ' had introduced certain 

{latic amido-acids, with tliree carbou atoms iu the side- 

Q (tyrosin, phenylamidopropionic and amidocinnamic actds), 

■be organism of men, dogs, and rabbits, they could find do 
e of any known aromatic compound in the urine. Hence 

^uncluded that these aromatic compounds had beeu com- 
oxidized.' 
nally N. Juvalta ° has shown by careful quantitative 
pents that pbthalic acid is in great part destroyed in the 

t. Ber.d.dmtielt.ehem. Oa.,yo]. xiv. p. 975 : 1881. 
ftow*ki, Pfliiger'a Arch., vol. v. p. 357 : 1872. 

r, Zeittehr. f. phytiol. Chan., vol. ii. p. 366 ; 1878. 

uh, Virehow'H Arek., vol. luvii. p. 226 : 1B79. 

^,Jour».f.prakt. Chem., N. F., Tol. iviii. p. 282 ; 1878. 

I«n, ZeiltcKr. f. phytiol. Chrm., vol. Tii. p. 33 : 1882 ; uid vol. viii. p. 

ibid., vol. x.p. 130: 1886. Compare aiea K. Baaa, iti4.,vo\. 
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organism of dogs. Of 22.4 grms. which had been introduced 
into the stomachy only 7 grms. reappeared in the arine and 
feces. No other aromatic compounds were to be foand. 

What is actually known concerning the changes which 
aromatic compounds undergo through oxidation in the animal 
body is as follows : 

The hydrocarbons are hydroxylized, the benzol being con^ 
verted into oxybenzol and dioxybenzol ^ — ^hydrochinon and pyit^ 
catechin. Oxidation does not advance a step fiirther ; for, afU^ 
the administration of a few milligrammes of dioxybenzol (pyi>^ 
catechin), it reappears unaltered in the urine.* 

If the aromatic combination introduced into the anii>{|^ 
body has a side-chain belonging to the fat-group, it is in most 
cases attacked by oxygen.' Thus toluol (C^H^— CHJ, etbp/. 
benzol (CgHg— -C^HJ, propylbenzol (C^H^— C^H^), benzylalcoy 
(CgHj— CHjOH), are all converted by oxidation into bensoic 
acid (C.H^COOH). On the contrary, phenylacetic acid (Ci- 
CHj— COOH) is not attacked by oxygen. The inoxidlsable 
carboxyl group appears in this case to protect the adjoining 
carbon atom in the same way as we have seen happen in tlie 
inoxidizable sulphuric acid. Group CH^ in phenylacetic add 
is protected on one side by the indestructible benzol ring, on 
the other by carboxyl. But if more than one atom of carbon 
is inserted between the benzol ring and carboxyl, this proteo- 
tion does not suffice. Phenylpropionic acid (CgH^— CH,- 
CH,-COOH) and ciunamic acid (c H,-CH=CH--0()OH) 
are converted into benzoic acid (CgHgCOOH) by oxidation. If 
more than one side-chain be present of the benzol nucleiu^ 
only one of them is converted by oxidation into carboijL 
Thus the following changes are produced by oxidation : — 

Xylol, CeH^ { ch' } ^ converted into CeH^ | ^^ | toloylic add 

(ChJ ) rCH, ) 

Mesitylene, CeH,jCH, V '« " C,H J CH. V mewtylenicadd 

Cymol, C«H, | ^^^ | « * « c CeH, { ^^^ } cuminic icid. 

In the animal body many aromatic compounds enter into 
combination with members of the fat-group which are eaaily 
oxidizable, and protect these from oxidation. The best-knowD 

* Baumann und C. Preu8se, Zeitwhr. /. phynol. Chem., vol. iii. p. 156: 
1879. 

2 De Jonge, tWd., vol. iii. p. 184 : 1879. 

' Schultzen and Naunyn, Reichert and Du Bois' Arch., p. 349 : 1867; Neaeki 
and P. Giacosa, ZeiUchr,f, phynoL Chem,, vol. iv. p. 325 : 1880. 
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mce of this kind is the formation of hippui 
x>l and benzoic acid — 



CH,NH, 
COOH 



CH^H— CO— C,H, 
COOH 



aromatic compounds are present in tlie aDimal body, 
SAycocoi undergoes complete oxidation, and is converted into 
'Carbonic acid, water, and urea (see Lecture XIX.) ; but, by 
Uniting with the indestructible benafic acid, it is protected 
against the influence of oxygen, and appears in the urine as 
hipparic acid (see Lecture XIX.). 

Schmiedebei^ and his pupils ' have observed an interesting 
i^thetic process of this kind in which a product of the oxida- 
OD of sugar unites with an aromatic compound, and is thus 
rotected against further decomposition and oxidation. If 
itnpbor (Cj^Hi^O) be administered to a dog, this substance 
I hydroxylieed in the same way as we have seen happen with 
'.to benzol ; and campherot [C,jH,5(0H)0] is formed, 
tat this product does not pass aa such into the urine, but com- 
ined with glycnronic acid, with which it has united with 
ihydration. The formula of glycuronic acid is CgH^Oj and, 
idging from all its properties and reactions, it must be regarded 
) a derivative of grape-sugar, and as a result of incipient 
oidation.* If we break up the compound of campherol and 
{[ycuroDic acid by boiling with dilute acids, the liberated 
'|lycuronic acid is rapidly decomposed ; it becomes brown, and 
cubonic acid is developed. It is difficult to obtain a satisfactory 
quantity undecomposed for analysis. The ease with which this 
acid is decompos^ and oxidized explains why we do not meet 
irith it in the normal metabolism of animals. Here we find 
lliat the sugar, as soon as its oxidation has commenced, is 
mpidly decom]K)sed into carbonic acid and water. It appears 
fast fats offer definite points of attack for oxygen ; and if these 
toints are protected by non-oxidizable substances, the oxygen 
B unable to operate upon them. As soon as these points are 
Oidpfended, they are rapidly decomposed and oxidized. 

Schmiedeberg * has met with glycuronic acid a second time 
nder different circumstances. He fed a dog on food contain- 
no proteid, such as bacon and starch paste, and then 

C. Wiedemann , Arch. f. fxper. Path. u. Fham.. vol. vi. p. 230: 1877; 
Sebmiedeberg Bad nana Meyer, JJfifwftr./. pAvJioi. CAob., vol. Ui. p. 423 ; 1S79. 
~ Oa the cbemicial properties of gljcuronie acid, vidf H. Thierfelder, ibid., 
li. p. 388 : 1887. 
SchmiedelMrg, Arch. /. exptr. Path. u. PAam., vol. xir. pp. 306, 307 : ISSl. 
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administered benzol. In order to form phenokulphoric acid, 
the organism in this case had at its disposal only a minute 
quantity of sulphuric acid, resulting from the decomposition 
of proteids in the tissues — no sulphur having been introduced 
with the food. It follows that all the phenol formed from the 
benzol did not appear in the urine conjugated with sulphuric ^ 
acid. It was proved that a part appeared as conjugated glycu^^^^ 
ronic acid. ^ 

Other inquirers have also repeatedly met with glycnroi 

NO. 

is converted, in the dog, into orthonitrobenzyl alco^^i^ 
■ C^H^-< rH^OHf ^^^ alcohol appears in the urine oao. 

jugated with an acid, which seems to be identical witli 
Schmiedeberg's glycuronic acid. Mering and Musculus ' foood, 
in the urine of men and dogs to whom hydrate of chloral or of 
butylchloral had been administered, the corresponding alcohob, 
trichlorethylalcohol and trichlorbutylalcohol conjugated with 
glycuronic acid. It is to be noted that in this process the cod* 
jugate of glycuronic acid is formed by reduction, while in the 
processes observed by Schmiedeberg and Jaff§, it was due to 
oxidation. Again, in the experiments of Mering and Moscolofl^ 
it was not an aromatic compound which protected the glj- 
curonic acid from oxidation, but one belonging to the fiit^ 
series, which had been rendered more or less incombustible hj 
chlorin. 

* Jaff)§, Zeit8ehr.f,phyiiol, Chem,, yol. ii. p. 47 : 1878. 

'Von Mering and Moaculus, Ber, d, deuUeh, ehem. Get., toL yiii. p. M2 : 
1875 ; yon Mering, ZeUsehr, /. phytiol. Chem,, yol. yi. p. 480 : 1882. Vide tin 
Kiilz, Pfluger's Arch., yol. xxyiii. p. 506 : 1882 ; and Koaiel, ZeiUchr.f.pkgiitl, 
Chem.f yol. iy. p. 296: 1880; and M. Letnik, Arch. f. exper. Path. %,Pkm%., 
yol. xxi. p. 168 : 1887. 



LECTURE XVIII 

GA8E8 OP THE BLOOD AMD RESPIRATION {continued)— 
BEBATIOB OP CABBONIC ACID IN THE PROCESSES 
OP INTEENAI. AND FJCTRRNAI, RESPIRA- 
TION CUTANEOUS RESPIRATION — 

INTTESTINAI. OASES 

Ik our previous remarks on the gases of the blood and on 
iration we have become acquainted with the behavior of 
[en and the processes of oxidatioD in the tissues. It now 

remains for us to consider the ultimate gaseous product 

B processes of oxidation and decomposition, carbonic acid, 
ther with it£ behavior in the processes of internal and 
mal respiration. 

tn the venous blood of the dog, the carbonic acid amounts 
torn 39 to 48 vols, per cent, (reckoned at 0° C. and 760 

Hg.) ; in the arterial, to an average of about 8 vols, per 

leas.' 
Carbonic acid, like oxygen, is not simply absorbed in the 
d, as there is far too large an amount. Water absorbs 
We its own bulk from an atmosphere of pure carbonic acid, 
C- ; at the temperature of a room, it absorbs its own 
ome, and at the temperature of the body, half its volume or 
vols, per cent, of this gas. Very nearly as much as this is 
bined in venous blood. If therefore the carbonic acid were 
ply absorbed, its partial pressure would amount to a whole 
oepbere. This cannot be the case, for the partial pressures 
tQ the gases of the blood together can never amount to 
ii over an atmosphere. 

The partial pressure of the carbonic acid in the blood is 
irately known from the researehes of Pfliiger and his piipila 
Iffbei^,' Stra.ssburg,* aud Nussbaum.' They introduced 
d from the vessels of a living dog into the upper end of a 



^.Schoffer. WUn. aiad. Sittvngiher., vol. iH. p. 51 

-toI.iIt. p. 171 : 1S62. 
K "Wolffliertt. Pfluger's Anh., vol. iv. p. 465 : 1871 ; und 
IdniMhurg. iWJ.. vol. vi. p. 6B : 18T3. 
I Xlnnbaum, ibid., vol. vii. p. 296 : 1ST3. 
■. S61 



: 1860; Scielkoir, 
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verticftl glass tube which contained nitn^en with a buU 
percentage of carbonic acid. The blood ran down a^iost the 
sides of the tube without coagulating, and was at once reawvcd 
when it reached the lower end by a particular arraDgenent 
which prevented any air getting to it.' If the tension of the 
carbonic acid in the blood is greater than in the gas inside th( 
tube, then the amount of carbonic acid in the gas must increasei 
if the tension in the blood is less, then the amount of carboaic 
acid in the gag must diminish. It was proved by nutnemoi 
experiments that the pressure of CO, amounts to 54 per cent 
of an atmosphere in the blood of the large veins of a dog and 
in that from the right heart, and to 2.8 per cent in arterisl 
blood.* 

Now, as water at the temperature of the body takes up 
only about 60 vols, per cent, of CO, from an atmosphere of 
pure carbonic acid, it follows that venous blood, which is under 
a carbonic acid pressure of only 6 per cent, or v\ of aa 
atmosphere, cannot contain more than about ^-^ = 2J vols, pa 
cent, of COj simply absorbed. The remaining 36 to 46 voU. 
per cent, must be in a state of chemical combination, and i 
glance at the composition of the ash of blood shows ns 
that the substances, which fix carbonic acid, must be soda 
and potash. The ash of the plasma has never been analyMd, 
I found that serum, the ash of which cannot be of very iff«- 
ent constitution from that of the plasma, has the following 
composition : — * 

On Thocsasd Orammes of Serum fbou Doo'e Blood CoNXjum-' 

K,0 0.202 I Fe,0, 0.010 

N^O 4.341 P,0, 0*81 

CftO .... .... 0.176 CI - . . . S.961 

MgO 0.041 I 

We need take no notice of the minute proportion of potassiam, 
which probably arises mostly from the breaking up of itf 
leucocytes, aud of which there is only a trace in the plasma of 
the living blood. Nor is it necessary to take into consideration 
the small amount of lime and magnesia ; they are for the most 
part combined with the albumins and Ducleo-albumins, and 
perhaps are not at all concerned in fixing carbonic acid. 
Anyhow, the bulk of the carbonic acid in the plasma is com- 

* Diai^ina and descriptioD of tli« apparetni are K>veo b; Stnnbarg. Pflivcr i 
Areh., Tol. vi. p. 6B : 1872. 

* Btranbnrg, loe. eit. 

iTbeanalrtithubHiipiibliahed only in pari {ZriUchr.f. eioloii.,rd.^ 
p. 304: 1676). 
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ioed with sodium : 3.463 of the 4.841 grms. of sodium are 
[fEcient to saturate the onl^ stroug mineral oeid »f tbe 
, the hydrochloric acid. Tbe remaiuder, 0.878 grm. of 
gdium, is able to fix 0.623 grm. CO, = 31 6 c.cms. carbonic acid 
i£ (computed at 0° C. and 760 mm. Hg. pressure), besides an 
joal additional amount when the bicarbonate of soda is 
ymed. 632 c.cms. of carbonic acid (('. e., 63 vols, per cent.) 
WT therefore be chemically combined in a liter of blood- 
Jisma. It must however be remembered that the carbonic 
icid never really reaches quite 63 volumes per cent., as the 

"5 grm. sodium must be divided amongst the other weak 
fads — such as phosphoric acid, proteid, and perhaps many 
DtherS) e&ch of which is of little Importance singly, but which 
■Itogetber exert some influence. As a fact, from 43 to 57 vols. 
_ r cent, of carbonic acid have been found in arterial blood- 
leruiu of the dog. The amount of COj must be still larger in 
fliesmim of venous blood, where the disposable sodium is perhaps 
■Imoflt completely saturated with carbonic acid. How large a 
■hue of tbe sodium falls to the lot of the carbonic acid depends 
40 ' mass influence,' i. e., on the partial pressure of the carbonic 
jwid.' In the tissues where CO^ is liberated by oxidation and 
decomposition, and its partial pressure rises, sodium bicarbonate 
nuBt be formed at the cost of the sodium albuminate and of 
Ae dibasic sodium phosphate (Na^HPO,), which latter gives 
Vf one-half of its sodium and is converted into the acid salt 
(SaH^PO,). Id the alveoli of tbe lungs, where the partial 
prssaure of the carbonic acid is diminished in consequence of 
the constant mechanical ventilation, the blood gives off a 
portion of its carbonic acid by diffusion ; the mass-inflnejice of 
tte CO, in the blood becomes lessened, and that of the other 

!s relatively increased ; again sodium albuminate and dibasic 
ndiani phosphate (Na^HPO,) are formed at the cost of the 
ndiam bicarbonate. As soon as the amount of free carbonic 
leid decreases, however little, the amount of the loosely com- 
Hned CO^ also diminishes, and even to a considerable extent. 
^ this arrangement the amount of carbonic acid of the blood 
ID vary witbin wide limits without tlie total pressure of the 
u being materially altered. A change of pressure np to 2.6 
if cent, of an atmosphere produces an alteration of 8 vols, per 
Dt. in the carbonic acid of the blood. This allows of large 
lantities of CO, being transported in a short time from the 
9 into tbe lungs. 
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Hoppe-Seyler and his pupil Sertoli ^ have shown that proteid 
does indeed compete with the carbonic acid for the poflseBskm 
of the sodium. Proteid drives out carbonic acid in a vacanm^ 
from a solution of simple sodium carbonate ; the amount drivei^^ 
out is however very small, as might d priori be anticipated^ 
owing to the great molecular weight of the proteid.' 

The occurrence of phosphates of the alkalies in the p[ 
has frequently been doubted.' The phosphoric acid in the 
has been ascribed to the lecithin and nuclein, bat die amoi 
is too large for this purpose, at any rate in dog^s blood; ^^^ 
bullock's and pig's blood it is certainly much smaller.^ ^^ti 
at any rate, it is only a small portion of the alkalies which ^ 
combined with phosphoric acid in the plasma. In the c^>|.^ 
puscles, on the contrary, there is no doubt that phosphates p/jp. 
an important part in fixing carbonic acid. 

The way in which the phosphoric acid is driven from the 
possession of the sodium by the carbonic acid, and vice vmi^ 
may be demonstrated by a simple experiment. If to a soludon 
of Na^HPO a few drops of litmus solution be added, the solo- 
tion becomes blue. If COj be now introduced the solution 
becomes red ; the carbonic acid is not the cause of this change 
in color, as a control experiment shows, but the fi^nnation of 
NaHjFO^. NaHCOj is formed simultaneously. If the veaed 
be lefl open, the carbonic acid gradually disappears, the mass 
influence of the phosphoric acid becomes relatively greater, it 
again takes possession of the second sodium equivaleot, of 
which it had been robbed by the COj, and the blue color reap- 
pears. This process can be hastened by boiling. 

Carbonic acid is found not only in the blood-plasma bat 
also in the corpuscles, though not in such large quantities. 
This follows from the simple fact that the total blood contaiDS 
less CO2 than the serum. But the difference is not sufficient to 
enable us to ascribe all the carbonic acid to the serum.^ 

The carbonic acid cannot be completely removed from the 
serum by the air-pump, a proof that the amount of the noa— 
volatile weak acids is less than the equivalent of the 0.9 pe^ 
1000 sodium just estimated. But more than half can 
removed,^ a proof that the process is not merely a transitio: 



* Sertoli, Hoppe-Seyler's Med, chem, Unter*,^ Heft iii. p. 350 : Berlin, \i 
2 Hoppe-Seyler, " Physiologische Chemie," p. 503 : Berlin, 1879. 

* Sertoli, loc. cit. ^ 

* Vide Buuge, ZHtschr.f. Biolog,, vol. xii. pp. 206, 207 : 1876; and SertoU,^* 
loc. cit. 

* Alexander Schmidt, Ben'chte Hher die Verhandlungen der kfmigl. tach%^^^ 
Ges. d. Wissentch. tii Leipzig^ Math. phys. Classe, vol. xix. p. 30 : 1867. 

« Pfluger, " Ueber die Kohlensaure des Blutes,'' p. 11 : Bonn, 1804. 
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1 sodium bicarbonate into carbonate, but also a partial dis- 
l^ijt^enient of the 6rnily combined carbonic acid by the other 
re^^ acids, proteid, phosphoric acid, &e. 

The carbouic acid may, on the contrary, be completely 
>u.ixiped out of the blood.' And moreover Pfliiger' has 
ifeowo that if sodium carbonate be added to the blood, the 
COj may be driven out even from this in a vacuum. In order 
to explain these facts, we must assume either that acida from 
the corpuscles diffuse into the plasma, or that sodium carbonate 
—diffuses from the plasma into the corpuscles. 

With regard to the acids of the blood-corpusclea, the moat 
nportant place is held by the phosjiboric acid, in which the 
porpuscles at any rate are far richer than the plasma. Only a 
cry small portion of this large amount of phosphoric acid can 
e contained in the corpuscles as an organic compound. In the 
jecond place, probably the oxyhemoglobin is of influence for, 
e Preyer' has shoivn, it drives out CO^ from sodium carbonate 
n a vacuum. 

It has been much disputed whether the giving oif of car- 
bonic acid fnini the capillaries of the lungs into the air of the 
llveoli simply follows the laws of diffusion, or whether we 
ainst assume that special excretory forces are at work in the 
bog- tissue. The results of the following experiment of 
Ffluger and his pupils, Wolffbei^* and Nussbaum," are in 
fcvor of the former view. If the giving off of carbonic acid 
the alveoli of the lungs simply follows the laws of the 
Susion of gases, we should expect d. priori that, if a lobe of 
e lung were blocked by closing the corresponding bronchus, 
e carbonic acid pressure would rise in the air-«avities of the 
ng thus closed in, until it balanced the carbonic pressure in 
Ihe venous blood flowing in, and that then the blood flowing 
J i. e., the arterial blood of the pulmonary veins in this same 
1 lobe, would also have the same CO^ tension. The experiments 
of Wolffbei^ and Nussbaum have in &ct shown that, under 
these conditions, the pressure of CO^ in the alveoli is the same 
_ w in the venous blood. 

One pulmonarj' lobe was successfully closed in the follow- 

■ manner. An elastic catheter ' was introiluced into a branch 

one bronchus of a dog that had been tracheotomized. 

1 Sdwbenow, SiUmtfiiba: d. Wien. Akad., vol. xxxvi. p. 293 : 1859. 
' Pfllilter, toe. eit., pp. ^, rt atq. 
'W. Prejer, "DieBlutkryslnlle" : Jena, 1871. 

■• Wolffbenc. Pflilger's Arch., yol. it. p. W5 : 1871 ; and vol. ri. p. 23 : 1872. 
* NuBbsam, ibid., vol. rii. p. 396 : 1873. 

" A dncriptioD and illaBtration of the ' luag-catbctcr ' are giveu by Wolff- 
- ,iMrf,,Tol. W. p. «7, Ac. : 1871, 
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The rmAfftrr had a doable wmll ; the outer, iviiich was made of 
hidia-nibbery wms thinner towards the end inserted in the^ 
bronchos, so tihat, when inflatied, this end expanded, whilsl^ 
the thicker portion of the wall remained the same. Thi^^ 
flask-like expangon of the tnbe ensured a completely air-tigl^ 
cloeore of the bronchos. Ventilation went on unimpeded i^^ 
the other lobes of the same long and in the other lung, so th^^ 
there could be no retention of OD, in the blood. The pressit^ 
of carbonic acid was thos also normal in the blood-vessels ^ 
the lobe that had been stopped up. Whoi the closure h^^' 
lasted long enou^, a sample of the gas could be dra¥m onf 
through the inner tnbe of the catheter, and used for analysja 
The means of numerous estimates of the enclosed pulmonary ai^ 
gave an average pressure of CO, of 3.84 per oeaoLL of an atoio^ 
phere, and of 3.81 per cent, for the blood from the right 
heart. The fiurt that the latter figure is lower than in tbe 
above-mentioned experiments of Strassburg, who found a meu 
of 5.4 per cent., is explained by the fiu^t that the animals were 
not tracheotomizied in Strassbuig's cases, and that, in omt- 
quence of tracheotcxny, the ventilation of the lung is &r more 
ccMuplete, and the retention of carbonic acid in the blood is 
much less. 

Under normal conditions, if the interchange of gas simply 
follows the laws of diffusion, the pressure of CO, could never 
be higher in the alveoli of the lungs than in the arterial blood, 
the two being equally balanced. If the balance is complete, 
the pressure must be the same ; if incomplete, the pressure in 
the tilveoli must be lower, but can never be higher. If it were, 
we should have to assume that forces were at work in the long- 
tissue to expel it. How do the &cts agree with this deduction? 
Strassburg found that the pressure of carbonic acid in the 
arterial blood of the dog was from 2.2 to 3.8 per cent., or on an 
average 2.8 per cent, of an atmosphere.^ 

The normal CO^ pressure in the alveoli cannot be a8oe^ 
tained, but we can determine its minimal value by estimalang 
the CO, pressure in the total air expired, which is a mixture of 
alveolar air and atmospheric air. If this minimal value should 
prove higher than the carbonic acid pressure in the artarial- 
blood, the assumption that the interchimge of gases prooeel^ 
only by diffusion would be refuted ; we should be forced U^^ 
consider that there were other special expelling forces ^^^ 
work. 

The amount of carbonic acid in the expired air of ths^ 
dog has, so far as I am aware, only been estimated once.^ 

* Strassburg, Pfluger's Arek., vol. yi. p. 77 : 1872. 
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ilffberg' found from 2.4 to 3.4, a mean of 2.8 per cent. 
■Iffberg's dog was tracheotomized. The CO, tension in the 
lired air would be higher in a dog breathing normally, and 
higher in the alveolar air than in the expired air. These 
'ments urgently require repetition. These facts, so far, are 
partially reconcilable with the theory that the interchange 
the lungs proceeds merely according to the laws of 

The amount of CO, in the air expired by human beings is 
h lai^r : Vierordt ' found 4,6 per cent. CO^ in the air 
□ormally expired, and 6.2 per cent, in that expired after a very 
deep inhalation. The pressure of carbonic acid in the arterial 
blood of human beings is not known. 

In the short time during which the blood flows through the 
lillaries of the lungs, the equalization of the difference in 
sion is accomplished with a completeness which is sur- 
Tbis phenomenon ia explained if the extent of the 
irface be considered over which the interchange takes place, 
ifleording to an approximate valuation of the anatomist 
Buschke, the total inner surface of the human lungs amounts 
2000 square feet, and the whole of this vast surface is 
lickly interwoven with a network of capillaries. 

The experiments made to estimate the pressure of carbonic 
dd in the tissues are attended with great difBculties. Jl 
riori, it must be assumed that the greatest pressure will be 
iiere the development of carbonic acid is most considerable : 
refore probably in the cells, in the muscular fibers, in all the 
ive elements — in fact, wherever most kinetic energy is 
berated. Now the pressure of CO, cannot be directly 
tiniated in the cells themselves ; an endeavor has there- 
been made to estimate the partial pressure of this gas in 
fluids which come most in contact with the cells, i. e., the 
mph. It was imagined d priori that the lymph, which flows 
slowly round the cells, would be saturated far more com- 
ftely with carbonic acid than the blood, which passes through 
I capillaries so rapidly. But as a matter of fact this is not 
Strassburg* found the tension of carbonic acid invariably 
9 in the lymph than in venous blood. It thus appears that 
' stream of CO, from the cells into the lymph does not 
iply follow the laws of diflfusion. Why does the bulk of it 
ttuae directly into the blood ? The purpose is evident ; the 

I Wolflberg, Pfluger'a Areb.. vol. ri. p. 478 : 1871. 

■ Vierordl, " Phyaiol. des AthroeDi," p. 134 : Heidelberg, 1845. 

■ SMHbai^, loc. cU.. pp. 86-01. Vide also Oaoli^, Dit Boia' Arrh., pp. 474- 



268 LECTURE ZYin 

carbonic acid reaches the lungs most rapidly in this manner. 
The cause^ however^ is not jet known. 

Strassborg has also estimated the tension of carbonic aci4 
in dog's urine^ and found it to be about 9 per cent, of an atmo»>i 
phere^ and in the bile 7 per cent. Finally, he endeavored 
to estimate it in the tissues of the intestinal wall, by injectii^ 
atmospheric air into a ligatured coil of intestine of a livic;::^ 
dog, and analyzing a sample of the air after from half an ho^ 
to three hours ; he found from 7 to 9^ per cent. CO^ Frc^. 
these facts it follows that the tension of carbonic acid 
greater in the tissues than in the blood, which we sho^i, 
expect to be the case. 

But what would happen if an animal were brought inta ^ 
atmosphere where the pressure of carbonic acid was alreacfy- 
as great as in the venous blood ? The interchange of gases in 
the alveoli would be stopped, but only for an instant ; for the 
development of carbonic acid proceeds unremittingly in the 
tissues. The amount of CO, nses above the normal both in 
the tissues and in the blood, and then it will again be given off 
by the walls of the alveoli, in consequence of the difference m 
tension which arises. 

But a retention of carbonic acid in the blood and in the 
tissues will occur much sooner, long before the amount of 00, 
in the inspired air is the same as that of the normal alveolar 
air. The smaller the difference of the tension of carbonic acid 
in venous blood and in the alveolar air, the more slowly will 
COj be given off from the blood to the alveolar air, and the 
greater must be the retention of carbonic acid in the blood and 
in the tissues. 

The abnormally high tension of this gas in the tissaes is 
the cause of disturbances, especially in certain parts of the 
central nervous system. The increasing partial pressure of the 
carbonic acid acts above all on the respiratory center, causing 
deeper respiration. If the retention of carbonic acid be so 
great that the deeper respiration cannot overcome it, it acts alao 
on other parts of the central nervous system, and the animals 
finally die with symptoms of narcosis. 

If animals be placed in an air-tight compartment, and be 
made to breathe an artificial mixture of air rich in oxygen, the^ 
die of carbonic acid poisoning long before the partial pressu^^ 
of the oxygen has sunk to normal.^ 



^ Miiller, SiUungsber. d. Akad, d, Wissensch, xu Wien,y Math. Nai. 
Tol. xxxiii. p. 136, et seq. : 1859 ; P. Bert, " La prenion ^rom^triqae," p. 
Paris, 1878 ; Friedlander and Herter, Zeilschr, f, phytiol, Chem»^ yol. ii. p. W ^ 

1878. 



OASES OF THE BLOOD AND HESPIRATION 



269 



If tiie volumes of the inspired and expired air in normal res- 

niar-«M.tioQ be compared, the latter is always found to be larger. 

Tt*.^ eiplanation is to be sought in the feet that the air has be- 

cycymine warmer in the lung and, owing to the temperature of the 

tKxJ J, has been almost saturated with aqueous vapor. The quan- 

t-ity of water which leaves the body in this way during the course 

of o. day amuunts to from 400 to 800 grms. It varies with the 

dry-ness of the inspired air. 

But if, on the other hand, the volumes of the inspired and 
ex.pired air be compared afler desiccation, and reduced to the 
ea-me temperature and pressure, tbe volume of expired air is 
usually somewhat smaller. This is readily explained if we 
consider that, in the combustion of food-stuffs, it is only the car- 
bohydrates which produce a volume of carbonic acid equal to 
thai of the oxygen used up, the proteids and fats yielding a 
'. emaller one. 

H^ The carbohydrates are known to contain exactly so much 

^H oxygen as is requisite for the saturation of the hydrogen. If 
^B tiierefore the entire molecule becomes oxidized to carbonic acid 
^B tD<i water, exactly two oxygen atoms must be taken up to every 
^B carbon atom. Two atoms (that is, one molecule of oxygen) 
^H Jonn with one atom of carbon one molecule of carbonic acid. 
^H How, it is well known that an equal number of molecules oc- 
^^ft nipies an equal volume. Consequently, the volumes of CO, 
^^m formed during the combustion of the carbohydrates must be 
^f equal to the volume of oxygen used iip, 

I The fats, on the other hand, contain fewer oxygen atoms 

than are necessary for the saturation of the liydrogen atoms ; in 
etearie acida (Ci^H^Oj), only four of the thirty-six hydrogen 
atoms can be saturated by the oxygen present ; sixteen more 
iloms of the inspired oxygen must be used up in order to com- 
plete the combustion of tbe hydrogen, and these do not reappear 
L in the expired air. Glycerin (CjHjOj) also contains two atoms 
^L more hydrt^en than are saturated by the oxygen present. Thus, 
^H for the complete combustion of the fats, far more oxygen must 
^H be taken up than is requisite for the combustion of their carbon ; 
^H ind for this reason all the inspired oxygen does not reappear in 
^H the expired carbonic acid. 

^B This is also the case with the proteids. One hundred grms. 

^r of proteid contain 7 grms. of hydrogen. In order to reduce 

■^ these to water by combustion, 7 x 8 = 56 grms, of oxygen are 

m necessary. But 100 grms. of proteid matter contain at most 

24 grms. of oxygen. Extra oxj'gen must therefore be inspired 

for the purpose of oxidizing the hydrogen, besides the amount 

Qeccssary for the oxidation of the carbon. Only the estimate 
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is rendered more complicated with proteid, becaoae hydrogCQ 
and oxjgen atoms are also eliminated in the nitrogoiooa wast^ 
products^ and because oxygen is also used up in oxidudng tl^ 
sulphur. 

The proportion of the expired volume of carbonic ac^ 
to the inspired volume of oxygen, is termed the respiratc^ 
quotient. 

The carbohydrates preponderate in the diet of herbivc^^ 
The respiratory quotient in these cases is nearly equal t(^ j 
With camivora^ on the other hand^ where the food is poo^ ^' 
carbohydrates and rich in proteids and fietts, the respiratc^ 
quotient must be considerably less than 1. It is usually fioixf 
to be about |. 

The respiratory quotient estimated from the constitueotBof 
food only agrees with that actually found ^ if the estimatioD of 
the respiratory gases be carried out for some time, if possibk 
for twenty-four hours. In short spaces of time, the piopoN 
tion may be very materially altered, because the taking in of 
oxygen and the giving out of carbonic acid do not occur amol- 
taneously. A considerable part of the carbon may be split 
off from the carbohydrates as carbonic acid without any ozj- 
gen being taken in, as we see in alcoholic and butyric aod 
fermentation ; the by-products then formed, which are poor iD 
oxygen, are oxidized later, after the CX), previously giveo off 
has been expired. In this way it may happen that the expind 
volume of CO, may for a time be larger than the inspired 
oxygen volume, and the respiratory quotient may be graitcr 
than 1. 

In herbivora, it sometimes happens that the whole volame 
of COj expired in twenty-four hours is larger than the volame 
of inspired oxygen. The following statement wiU explain tliis. 

^ A description and illuitraUon of the apparatui used for the quntitBtifi 
estimate of the interchange of gases daring longer periods, and especially of Bc|' 
nanlt's, Reiset's, and Pettenkofer's respiratory apparatus, are to befoandineftiy 
text-book of physiology. Any one desirous of reading the original deieriptiai 
by the authors, is referred to the celebrated work of Begnault and Beiset in tk 
Ann. de Chim. et de Phys.f toI. xxvi.: 1849 ; also under the separate title, "Bt- 
oherches chimiques sur la respiration des animaux des diyeraes classes " : BsA* 
ellier, 1849 ; translated m Liebig's Ann. d, Chem, u. Pharm,^ toI. Ixxiii. pp.98, 
129, 257 : 1850. The description of Pettenkofer's respiratory apparatoi is to bis 
found in Liebig's Ann. de Chem. u. Pharm.^ toI. ii. p. 1, Suppl.: 1863. Tbii sp- 
paratus was specially constructed for experiments on human beings. Yoit modi' 
fied it somewhat for smaller animals. The exact illustration and description sK^ 
given in Zritachr.f. Biotog., vol. xi. p. 541 : 1875. A modification of Regnanl^*^ 
and Reiset's apparatus for examining the respiration of aquatic animals was <M^ 
scribed by Jolyet and Regnard in Arch, de phytiol. normale et peUholog.^ ttr. ^ 
Tol. iv. p. 44 : 1877. More recently Hoppe-Seyler has constructed a rcapirator^ 
apparatus on Regnault's principle for experiments on man. Ze%t§ehr. /. 
Chem.y vol. xix. p. 574 : 1894. 
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?^egetable food contains organic acids, which are richer in 
ixygea than the carbohydrates, and for thia reason they use up, 
luring their conversion into carbonic acid and water, a smaller 
rolume of oxygen than that corresponding to the volume of 
ttrbonic acid formed. Tartaric acid with 2J vols, of oxygen 
fives 4 vols, of CO, : C^H.O, + 60 = 4CO, + 3H,0. But 
larbonic acid may be developed from another source without 
ixygen being taken up. The carbohydrates may undergo 
oarsh-gas fermentation in the intestine : C^HuOg = 3CO, + 
tCH,. The carbonic acid is absorbed from the intestine and 
scathed out from the lungs, but the marsh-gas remains unoxi- 
find (pp. 279, 280). 

[ It is important to know all these conditions upon which the 
jiqiiratory quotient depends. In the experiments on nieta- 
nliem, the size of this quotient affords many indications 
pom which the chemical processes in the tissues mav be 
l^ged. 

I In Bpeaking of respiration, we have hitherto meant only the 
iJKpiration through the lungs. The question now remains for 
n to consider whether there is, in human beings, such a thing 
IS CUTANEOUS RESPiHATiON. It undoubtedly exists among the 
ower animals, as well as among certain of the lower vertebrata. 
^mong the amphibia, the interchange of gases goes on more 

Eensively by means of the skin than by the lungs. This was 
jwn even to Spallanzani,' He proved that many kiuds of 
phibia lived longer after extirpation of the lungs than after 
heir skins were varnished over. There is however this objec- 
ion to the above experiment, i. e., that the varnishing of the 
ikin would be prejudicial in other ways. Spallanzani's experi- 
nenta have therefore been repeated with many alterations.* 
Pubini estimated the whole of the CO^ given out by normal 
^togs and, on comparing it with that given out by frogs with 
their lungs extirpated, found that the latter amount was only 
a little less. To this experiment the objection may also be 
raised that after extirpation of the lungs the output of CO, by 
the akin was no longer normal, but increased by vicarious 
activity. Ferd, Klug therefore constructed a special apparatus, 
in which the head and body were each in separate compart- 
oeatB. The separation was effected by means of a sheet of 
lodia-rubber, tbruugh which the head was passed. The result 



.r la reapiration, tniduita pnr Seoebler," p. 73 : 



"MSmoires s 
\ 18(0. 

• yide Fubini, UoltwhoH's Unl. i. Ifat^irlefiri, vol. xii. p. 100 : 1878 ; Biiil 
I. King. Da Boii' Arch., p. 183 : 18B1, eanuiniug also a iriitira] notice of the 
■ it literetuR. 
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of this experiment was found to be that only a very small pa% 
of the CO, was given out through the lungs. 

The most exact estimates on the output of CO, through t)^ 
skin of human beings were made by H. Aubert.^ The pera^ 
experimented on sat naked in an air-tight box, the top of wh^ 
was made of india-rubber. The head came out of a round U.^ 
in this covering, which fitted tightly round the neck, so that;, 
air could get in. A stream of air was now admitted into ^^ 
enclosed space. The air had been previously freed froia ^ 
carbonic acid, and on coming out was passed through flaab 
containing baryta water. The experiment lasted for two hoom. 
From the carbonic acid absorbei during this time by tiie 
solution of baryta, the quantity eliminated in twenty-four houn 
was estimated. Seven experiments showed that in twenty-foar 
hours a man gives out by the skin a maximum of 6.3 gnus., a 
minimum of 2.3, or an average of 3.9 grms. of carbonic acid. 

This amount of CO, is exceedingly small in comparison with 
that proceeding from the lungs, which in human beings amoonta 
to from 800 to 1200 grms. in twenty-four hours. It is even 
doubtful whether the small quantity of CO, found was really 
given off by the skin in the form of gas. It is possible that it 
arose from the decomposition of the secretions of the skin and 
of the cast-off epidermis. Still more dubious are the state- 
ments that small quantities of oxygen are taken up throogfa 
the human skin. 

Until quite recently, it was believed that not only is 
carbonic acid given out through the skin, but also certain 
gaseous organic compounds of a more complex nature. Hiis 
has been ti^e explanation offered for the injurious effects of a 
great many people being shut up together in a small roooL It 
was thought that these organic vapors have a very low tension ; 
that the air soon reaches saturation as far as they are concerned, 
and cannot receive any more of them from the organism, unless 
it be rapidly changed and renewed. If these vapors, in how- 
ever small a quantity, remain behind and collect in the body, 
they act on certain parts of the nervous system, and throogh 
these on the whole metabolism, just as they do on our ol&ctoiy 
nerves afler they have passed into the air, when they may eveo 
cause vomiting.* 

This idea of the injurious effects arising from the suppressed 
action of the skin is as old as the history of medicine, and even 
up to the present time the perspirabile retentum plays an im- 
portant part in the etiology of certain diseases. This idea in- 

^ H. Aubert, Pfliiger'a Arch., vol. vi. p. 539 : 1872. 

' Pettenkofer, Liebig'i Ann, <2. Chem, u. Pharm., toI. ii. Sappl. p. 6 : ISSL 
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— Pettenkofer, in his researches on respiration, to abandon 
"'^ method of RegnauJt and Reiset, and to oonstnict a new 
'^ViraUin,' apparatus, in which a constant current of fresh air 
P^&sed through the compartment tliat held the person or ani- 
mal. Pettenkofer had found that when the proportion of CO, 
*^ad risen to 0.1 per cent, in a room filled with people, the air 
**egan to smell, and that when it rose to 1 per cent, the air 
(became almost unendurable. But if he developed carbonic 
^id in a room, bv acting on bicarbonate of sodium with sut- 
piiaric acid until the CO^ in the air amounted to 1 per cent., 
lie fotind that he could remain in this room quite comfortably 
Sir a considerable time. It is therefore not the carbonic acid 
Itself that is the harmful product in so-called bad air; but, 
according to Pettenkofer, the CO^ is a measure of the injurious 
products of perspiration which are as yet unknown to us. 

All endeavors to discover what these harmful products of 
perspiration are have hitherto failed. The latest experiments 
were made by Hermans' in the Institute of Hygiene in 
Amsterdam. A man was shut in an air-tight case of sheet- 
iron. The first signs of dyspnea appeared when the CO, in 
the air rose above 3 per cent. If tlie carbonic acid was re- 
moved by absorption, no inconvenience was experienced, even 
when the amount of oxygen in the box sank to 10 per cent. 
In order to discover the supposed oi^auic products of perspira- 
tion, air was first passed through the case, and then through an 
•bsorption apparatus. When passed through titrated sulphuric 
acid, the titre was always found to be unaltered. If the air 
was passed over red-hot oxid of copper, the amount of CO^ 
•nd of water did not increase. In the same way the titre of a 
boiling acid or alkaline permanganate solution was found to be 
unchanged, even after many liters of the air taken from the 
case towards the end of the experiment had been slowly passed 
through it. Neither did the condensed water, obtained from 
the issuing air after being cooled by ice, nor the condensed 
water from the sides of the case, alter the titre of boiliug per- 
(Dsnganate solution. There was likewise no disagreeable smell. 
The greatest care had been taken to see that the clothing and 
person of the man experimented upon were perfectly clean, 
Hermans therefore comes to the conclusion that when healthy 
people give out malodorous substances in the atmosphere, these 
tume, not from normal perspiration, but from the processes of 
decomposition caused by the dirty state of the body or clothes. 

The medical men who believe in the harrafulness of the 
pr-rtpirabile rdentHm, groaad their belief on the followiug facts; 
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1 ilermaiu, Arch. /. Hjigicm, vol. i. p. 5 : V 
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(1) The injurious effect on animals whose skin has been ^ 
aered impervious to perspiration bj varnishing; and (2) t^ 
&tal effect of extensive bums of the skin. But these &l^ 
must be differently interpreted. 

The death of varnished animals maj be explained by an, 
creased loss of heat.^ In the first place, the animals in all ^^ 
experiments were shaved before being varnished, thus U^ia^ 
deprived of their natural protection ; in ihe second place, ^j^ 
varnishing appears to damage the vasomotor nerves; tig 
cutaneous vessels become dilated, the surfiuse of the bodj 
becomes warmer than it normallj is, and the loss of heat is 
greater. In consequence of this, the temperature of the body 
sinks, and the animals die of cold. If an animal be only 
partially varnished, it is found that the varnished parts tn 
warmer than the rest of the skin. A varnished animal gives 
out more heat in the calorimeter than a normal one does. If 
the cooling be prevented by wrapping the varnished animal in 
wool, or by placing it in a warm place, it remains alive and 
does not become ill. Besides, only those animals fall ill on 
being varnished that have a delicate skin, and a surfigtce that is 
large in proportion to their small weight, as for instance rabbits. 
Larger animals with a tough skin, such as dogs, remain per- 
fectly well with their whole body varnished over. 

Senator,' in Berlin, even ventured to varnish human beings. 
He had two patients suffering from rheumatism, which is often 
thought to be caused by the arrest of the action of the skin. 
Any interference with this action should therefore be attended 
with dire consequences. The extremities of these patients 
were encased in sticking-plaster, and almost the whole trunk 
was thickly painted with collodion, mixed with a little castor 
oil to make it less brittle. Only the skin of the head, neck, 
buttock, and genitals remained free. One patient twice re- 
mained in this condition for twenty-four hours, the oth^ for 
fully eight days ! The third experiment was made on a female 
patient with chronic pemphigus. The whole body, and even 
the face, was thickly covered ' with common tar, and the head, 
which had been shaven, with oleum rusci.' This air-tigbt 

1 Laschkewitsch, ^reA. /. Anat, u. Physiol,, p. 61: 1868; B. Winttniti, 
Areh.f. exper. PcUh. u. Pharm., vol. xxxiii. p. 286: 18M. 

•Senator, Virchow's Arch., vol. Ixx. p. 182 : 1877. 

' [Oleum nisei sive pix betulimum live oleam betule empyreamaticQmf ki 
tarry product obtained from all parts of the birch tree, and in great &Tor tf i 
popular remedy for all kinds of diseases in Poland and Russia. It is alio m* 
ployed in the fabrication of certain liqueurs, and especially in the preparttiMfl' 
Russian leather, to which it imparts its characteristic odor (see Dr. Hiftf^ 
"Handbuch der pharmaceutischen Praxis": Berlin, 1880; and the 2W 
Statu Diapentary : 1883).] 
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t removed for ten days, but no injurioUB conee- 
jBences occurred in any of the three casea. 
^ Fioally, as regards the fatal effect of extensive bums on the 
kill, there may be other explanations than that of the perspira- 
St relentum ; id fact, in recent tioies many others liave been 
ttempt«d. We know that even a moderate rise of temperature 
rill alt«r and destroy the blood-corpuscles.' This led to the 
upposition that the blood-cells which pass through the capil- 
iries of the skin during a bum become destroyed by the higher 
emperature, and that their decomposition -products indirectly 
ause the aymptoraa which ensue. And in fact a constituent of 
lie corpuscles, the hemoglobin, was found in the plasma of the 
lood after a burn, and the hemoglobin, or a derivative, was 
ound in the urine.' According to Hoppe-^yler'a * and Tap- 
eiuer'e * investigations, however, the amoimt of liemoglobin in 
b« hlood-plusma after bums is verj- slight, and was even en- 
irely absent in one case which ended fatally. Neither it nor 
ts derivatives invariably occur in the urine. On the other 
itnd, the following fact observed by Tappeiner is very inter- 
BtJng : be found tlie blood of patients with extensive skin-bums 
a be much richer in corpuscles and poorer iu plasma than nor- 
lal blood. This thickening of the blood b accounted for by 
be transudation of lymph at the burnt places, and is perhaps 
be primary cause of all the symptoms and of death. 

We thus see that there is no real ground for assuming that 
ay gaseous products are excreted by the human skin. Our 

Ewledge of the chemistry of cutaneous activity is altogether 
' limited. Nothing certain is known concerning the chemical 
position of perspiration,' and there is at present no reason 
\ft considering this secretion to have any other use than that 
f the purely physical action in regulating the temperature of 
be body. The evaporation of water on the surface of the body 
t tbe most effectual means of cooling it It must not be for- 
Mten what an enormous amount of heat becomes latent when 

I iMuScbullie. JrcA./.Riit. ^nD(..Tol. i.p.!6: 1865. 

I "Wertheim. Wiener mid. Frent, No. 13: 1868; Ponfirk, Ber/. klm. Wo- 

MucAr., No. 46: 18TT; CeiUraibl.f. d. mtd. Wiutnieh.. "Sob. II, 16: 1880^ ran 

Wr, Vircbow'i Areh.. vol. Ixiix. p. 248: 1880. 

^ >Hoppe.Seyler. 2«it«eAr./.pApnoI. CAcm., vol. V. pp. 1,344; 1881. 

* Tappdoer, CcrUraibl. /. d. med, WUicmch.. vol. lii. pp. it85, 401 ; 1881. 

' Vide O. Funke, Moleacholt'i Unfer. i. t/altirlehrt d. JUemclien «. der 
mere, vol. iv. p. 3fl : 1858 ; snd W. L«ube. " Ueber den AnlttgoDUBiuH iwuchen 
]«ra- nnd Schweiuecretioii and detaea tberapeutiscbe BedeDtnng," DtiUich. 
lrch.f. ilin. Med., vol. vii. p. 1 : 1870. An accDunt or the previous literatun 
t llto ^Tcn. COTDpsre alio A, KtM, " tieb. aroinatiMhe FauIniMprodukte im 
^Mchlichen Schweiue." Zeifchr.f.p/istiol. Clitm.. vol. li. p. 501: 1887. P. 
mtiDiky, PfuBer'4 Arch., Vol. ilvi. p. 694: 1890; E. Cnmer, Arch. f. B%- 
■ [. p. 231 : 1690. 
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water passes from the liquid to the gaseous state. The secr^ 
tion of perspiration is entirely absent in manj animals, as 
the dog, and is replaced bj a more copious evaporation from 
surface of the lungs. 

Before concluding the chapter on respiration and the beha 
of gases in the body, we must consider the gases which occu 
the alimentary canal, their origin, and their behavior uc^;^^ 
physiological and pathological conditions. 

The GASES in the alimentary canal arise from f 
sources : (1) Atmospheric air is continually being swalloirei/ 
with the saliva, with food and drink ; part of it escapes agaio by 
the esophagus, but the rest passes into .the intestine ; (2) gaseg 
arise by fermentative processes in the contents of the stomacb 
and intestine ; (3) gases diffuse fix)m the tissues of the intea- 
iinal wall into the intestine ; and (4) CO, is liberated when tbe 
sodium carbonate of the intestinal juice is neutralized. 

The following gases have, up to the present, been detected 
in the alimentary canal of human beings and of mammals:^ 
O, N, CO^ H, CH^ H^. 

Oxygen reaches the alimentary canal only by die air that is 
swallow^, and disappears almost entirely in the stomach, partlj 
by uniting with the reducing substances which proceed from the 
fermentative processes already set up in the stomach, and espe- 
cially with the nascent hydrogen arising from butyric acid fe^ 
mentation, and partly by diffusion into tiie tissues of the gastric 
wall. Traces of oxygen could still be found in the gases 
obtained from the upper portion of the intestine, but none in 
that from the lower parts. Planer injected atmospheric air into 
a ligatured small intestine of a living dog, and even after one 
and a half hours, half of the oxygen had disappeared from the 
air and had been replaced by carbonic acid. In the case of a 
few fish, the diffusion of the atmospheric oxygen swallowed bj 
them through the walls of the alimentary canal, plays an impo^ 
tant part in the process of respiration.* 

Nitrogen also reaches the alimentary canal with the air 
swallowed, but does not diffuse into the tissues of the intestinal 
wall, because the partial pressure of the nitrogen is very nearly 
the same in this latter as in atmospheric air. It must, on the 

* Planer, Sitzungsber, d, k, Akad, rf. W, zu Wien,, vol. xlii. p. 307: 1860: E. 
Ruge, ibid., vol. xliv. p. 739 : 1862 ; C. B. Hofhianii, Wiener med, Wockentcif.. 
1872 ; Tappeiner, ZeiUchr, f. physioL Chem., vol. vi. p. 432 : 1882 ; ZrilwAr. /. 
Biolog., vol. xix. p. 228 : 1883; and vol. xx. p. 52: 1884; Arbeit, o. d, patkoi. 
Inst. z. Munchen., edit, by Bollinger, pp. 215, 226 : Stuttgart, 1886. 

* Erman, Ann. d. Physik, vol. xxx. p. 113 : 1808 ; Leydig, Areh.f. Anai.^- 
Physiol., p. 3 : 1853 ; Baumert, " Chemisohe Untersnchong uber die BetpirtOOB 
dee Schlammpeitzgers '* : Breelau, 1855. 
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Itrary, be assumed that nitrogen diffuses out of the tissues of 
b intestinal wall into the intestiiie. This occurs In the lower 
Mioa of the intestine, in proi>orliou as other gases are de- 
ibpcd by fermentation and the partial pressure of the nitrogen 
IJls. The iutestinal gases as a matter of fact always coutaio 
k abundance of nitrogen. 

L Hydrogen is formed in large quantities by fermentative 
poeases, and especially, t<^ther with COj, in butyric acid 
jlDientation. This latter form of fermentation can always 
ij detected in the contents of the large and small intestine.' 
■ already mentioned, marsh-gas arises, with carbonic acid, 
F tiie decomposition of cellulose. But these are not the only 
p processes of fermentation by which COj, H, and CH, 
t formed in the intestine. Ruge found marsh-gas in the 
lee of the colon of living people, even after a diet exclusively 
Dposed of meat; and Tappeiuer found abundance of marsh- 
Band hydn^u in the gases of pigs' colons, after they had been 
1 for three weeks entirely on meat. These gases proceed 
ft only from the decomposition of carbohydrates, but also of 
iteids. KunkeP found that the gases produced by artificial 
Mreatic digestion, without excludiug the fermentative organ- 
pB, contained as much as 60 per cent. H, and 1.6 per cent, 
peh-gas; and Tappeiner* showed that sterilized solutions of 
■unon salt with peptone and fibrin, when mixed with a little 
Mile intestinal contents, developed a mixture of gases which 
ituned as much as 40 per cent. H, and as much as 19 per 
Bt. CH,. It is noteworthy that in one of these experiments 
■ppeiner produrcd from a solution of pept^>ne a mixture of 
iMe which contained 99.65 per cent. CO^ as well as 0.14 H 
B 0.21 CH,. In the intestiue fermentations appear to go 
I in which carbonic aoid alone, without any other gas, is 
RK^oped from proteid. 

I Besides this, carbonic acid is developed in large quantity 
BOtigh the neutralization of the acid chyme by the sodium 
noaate of the intestinal juice. If we may assume for 
mmf beings the same proportion of hydnxihloric acid in the 

trie juice which was fiiund by C«rl Schmidt in the d(^, it 
pid appear that 6 liters of COj are daily liberated in our 
lestine by ueutraliaition of the hydrochloric acid. We have 
Uadd the still larger quantity set free by the neutraliza- 

I of lactic and butyric acids, which are constantly formed 

r^Conporc Bubncr. ZriOchr. f. Biotog.. rol. xii. p. 84, M if^. : 1883. 
|»Kunkel,rerAiiiu//. d. phyiik.-<aed. Gatliuh. in Wurtburs. N. F., vol. viii. 
3H: 1874. 
I^Tkppciner, Arb. a. d, patliotog. liul, in Afiinehen, vol. i. p. 31S : 1886. 
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in the intestine from the carbohydrates of food. Still, we a::^ 
not inconvenienced by these large volumes of CO,, for the <^ 
efficient of absorption of carbonic acid is very high, and 
partial pressure of CO, in the intestinal walls is scarcely e 
higher than 10 per cent, of an atmosphere. Therefore, 
soon as the bowel contains more than 10 per cent of C^r^ 
diffusion into the blood must commence. The proportio^:^ ^ 
carbonic acid in intestinal gases is commonly fix>m 20 to ^ 
per cent., and more. It follows that there is constantly ^ 
active current of carbonic acid from the intestine into (ie 
blood. In the experiments on dogs with duodenal fistok 
Mering has shown that the absorption of CO, begins eveo id 
the stomach. The CO, developed in the bowel is exhaled bj 
the lung. 

On the other hand, hydrogen may give rise to much dis- 
comfort, owing to its very low coefficient of absorption. It 
follows that patients suffering from chronic dyspepsia and 
disposed to flatulence, must be extremely careful to avoid rock 
articles of diet as tend to a butyric fermentation. According 
to the observations of Ruge and Tappeiner, milk appears to be 
especially injurious in this respect. The experience of manj 
patients coincides with this view. In the same way starchy 
foods, which are hard to digest, are to be avoided, because they 
convey large quantities of carbohydrates into the lower portion 
of the small intestine, the alkalinity of which encooiages 
butyric fermentation. It would be wise to administer carbo- 
hydrates in the form of stewed fruits, because we thus convej 
with them acids into the bowels and because the acids prevent 
butyric fermentation. There are many patients with whom 
cereals, the leguminosae, and potatoes disagree, but who are 
able to take stewed fruits with rice, which is easily digested 
and which is manifestly almost entirely absorbed in the upper 
part of the bowel. 

Tlie following table gives the coefficients of absorption of 
the intestinal gases. They have been determined by Bunsen 
at a temperature of 15° C. It is to be r^retted that they 
have not also been determined for the body-temperature. 



Nitrogen 0.01478 

Hydrogen 0.01930 

Oxygen 0.02989 



CH4 
CO, 
H,S 



0.039M 

1.0020 

3.2336 



The amount of sulphuretted hydrogen contained in the intes- 
tinal gases is very small, and cannot be quantitatively dete> 
mined. It is however conceivable that the amount developed 
in the bowel is sometimes larger than might be supposed 
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nun the small amount contained in the intestinal gases. We 
■Dflt not forget how high the coefficient of absorption of sul- 
Boretted hydrogen is, being one hundred times higher than 
tiat of oxygen which is ao easily diQuaible. Sulphuretted hy- 
Tt>gen, in proportion as it is set free, must at once diffuse into 
be blood. Planer injected into the rectum of doga sulpbu- 
■etled hydrogen diluted with bydr<^en, and observed toxic 
irmptoms within one or two minutes. When, in certain proc- 
B»es of disease, abnormal decomposition takes place in the 
contents of the bowel, it is possible that a large quantity of 
Hilphuretted hydrogen may be developed, in the artificial di- 
gesti'in of fibrin by pancreatic juice, without excluding bacteria, 
Kunkel found that the ga.ses contained as much as 1.9 per cent, 
of HjS. It Li possible that in the headache, vertigo, and nau- 
sea frequently accompanying gastric and intestinal catarrh and 
persistent constipation, poisoning by sulphuretted hydrogen 
plays a part. Senator' communicates the following case, which 
he regards as undoubtedly one of poisoning by sulphuretted 
hydrogen. He succeeded iu finding sulphuretted hydrogen in 
the urine of a patient suffering from acute intestinal catarrh, aa 
it distinctly gave a brown color to a visiting-card which con- 
tained lead. The eructations of the patient caused a distinct 
odor of sulphuretted hydrogen. He also had repeated attacks 
of vertigo, accompanied by epigastric oppression and a dark 
complexion. It is stated that persons engaged iu the emptying 
of cesspools, and exposed to sulphuretted hydrogen gas, have 
experienced similar symptoms. 

We have at present little certain knowledge aa to what be- 
comes of the absorbed hydrogen and marsh-gas. They either 
become oxidized or reappear in the exhaled air. An experi- 
ment made in Zuntz's^ laboratory in Berlin, with a tracbeoto- 
mized rabbit showed that the air exhaled by these animals in- 
variably contains hydrogen, and generally marsh-gas as well — 
to a greater extent even than the gases voided during tlie same 
period per anum. It has not yet been determine*! whether 
ail hydrogen and all marsh-gas which are absorbed from the 
intestine reappear in the expired air, or whether a part is oxi- 
dized in the body. The decision of this question would be of 
great interest for the theory of internal respiration. (Com- 
ipe p. 238.) 

The quantitative composition of intestinal gases necessarily 

> Senator, Berlin, klin. WeehtTuei.. Jahrg. t. p, SM : t86S. 
*B. Tache, " Deber die Bedeutung der brennbaren Que im thienichen 
kDismiu." loBng. Diaaert. : BerUn, 1884. Alio Ber. d. daUteh. chm. Ou., 
XTii. p. 1837: lis*. 
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varies greatly aooording to the diet and the oondition of the en- 
tire digestive iqiparatiis, and especiallj aooording to the extent 
to whidi fermentation can be resisted. Thus for instance Rage 
foond in the intestinal gases of the same perscm : — 



I After foar days' 
I After milk dtot dtetof Icgaminone 

only. 



Oxygen . 
Nitrogen 
Hydrogen 
CH4 . . 

^ •• 



36.71 
54.23 

9.06 



18.96 
4.03 
55.94 
21.05 
Trace 



After thrM 
dftyt* dlct«r 
only. 



64.41 
0.69 

26.45 
a45 



Tappeiner ^ found that the gases removed half an hour after 
death from the corpse of a man who had been executed, exhib- 
ited the following composition : 



Oxygen 
Nitrogen . . 
HTdrogen . . 

CX), .... 



stomach. 

9.19) 
74.26/ 

0.08 

0.16 
16.31 



neam. 



' 67.71 
3.89 

I 28.4 




62.76 

a9 

M.4 



, Arb. a. d, ptUholog. Inst, d, Muneken, yoL i, p. 2S6 : 1886. 



LECTURE XIX 

THE NITBOOENOU8 END-PRODUCTS OF METABOLISM 
HIPPURIC ACID, UREA, CREATIN 

'Phe examination of the processes of respiration has shown 

that the bulk of the carbon is eliminated from our body by 

the lungs as carbonic acid. The remainder of the carbon takes 

& different course. It quits our body in combination with the 

buXk of the nitrogen, in the form of a series of compounds very 

rioli in nitrogen, through the kidneys. Among these nitrog- 

es^ons end-products the chief in man are urea, uric acid, 

^~^ pnric acid, creatin, and creatinin. A considerable portion 

nitrogen appears in urine as an inorganic compound — as a 

of anunonia. 

We will now pursue the origin of these end-products in the 

ijnal body as far as the present state of our knowledge 

P^^annits. We will b^in with hippuric acid, because the 

'^'"'^^in of this compound has been more carefully studied and is 

r known than that of any of the other nitrogenous 

-products. The constitution of hippuric acid is accurately 

own. The following mode of preparation makes it very 

r: — 

C;H4— CO— NC -hCHjCl — COOH = 
Benzamide. Monochloracetic acid. 

C,H» — 00 — n/ -hCl 

XS, — COOH 

Hipparic acid. 

we boil hippuric acid with strong mineral acids or with 
alkalies, or subject it to the action of ferments, it splits up 
^^^th hydration into benzoic acid and amido-acetic acid 
L CKlycocol). 

2S1 
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Hipparic acid. 
C,H, - COOH + H 

Benzol I! acicl. Gljcocol. 



c 

XH,— COOH 



Hippuric acid is again formed witL dehydratioD, from these twD 
productH of its decomposition, if they are allowed to act opon 
one another at a high temperature and under increased pressow, 
To effect this they are inserted dry into a glass tube, the eniii 
of which are fused, and the tube is kept at a temperature of 
160° C. for twelve hours.' 

Hippuric acid is also formed in the animal body by the 
combination of benzoic acid and glycocol. If benzoic acid » 
introduced into the stomach of an animal or a human being, il 
reappears as hippuric acid in the urine. Doubtless the giv- 
cocoi used in its formation arises from the decompowtion of 
the proleids of the tiseues. Free glycocol has certainly cot 
as yet been proved to exist in animals. As little are we able 
to obtain it by the artificial decern position of proteid, but wt 
know that the immediate derivatives of proteid, the oollagenfflw 
substances, when decomposed either by ferments, by acids or 
by alkalies, readily yield glycocol. In combination witi u 
acid glycocol also appears, as we have seen, in bile as gljco- 
cbolic acid. 

Hippuric acid is also constantly found in the urine ol 
the herbivora, without the artificial administration of henwic 
acid. The numerous aromatic compounds which are conUinei 
in the tissues of plants, and which in the animal body are con- 
verted by oxidation into benzoic acid, evidently yield theM- 
t^rial for its formation. However, small quantities of hip- 
puric acid may be found in the urine of dogs fed only op*" 
meat, and also during inanition.' In this ease the benaiic acid 
is formed from the aromatic radicals which are contained b toe 
proteid molecule.^ 

The amount of hippuric acid contained in the urine of n*" 
in twenty-four hours is generally less than 1 grm.; but»f^ 

' DesBaigneB. Joum. Pham., vol. xxiii. p, 44: 1857. 

'E. Salkowski, Ber. d. detdiek. chem. Ou.. vol. il. p. 600: IS78. , 

" E. &nd H. Salkowaki, ibid., vol. lii. pp. 107. WS, 663 : 1979 ; Zitiiekr-}- 

ph]/nol. Chim., vol. vii.p. 181: 1RS2; E. Solkowski, ZeifieAr. /.pAywef. C**-' 

vol. ix. p, 229 : isa.!. Compare also Tftppeiner, ZeiUehr, /. Sitiloff., vol. «■■■ '■ 

33S : 1886 ; and R. Bau, ZnUcAr. /. p/isiial. Chem.. vol. xi. p. 1S6 : 1S87, 



r 



NiraooENOus end-products of metabolism 



283 



- consumption of certain berries and fruits it amounte to sev- 
1 grammes. 

The fact that benzoic acid introduced into the etomach 
K-ppears as hippuric acid in the urine was discovered as early 
1824 by Wohler.' This discovery was afterwards confirmed 
Dumerous experiments, and excited some attention, for it 
LS the first synthetic process which was proved to occur in the 
mmal body. Since then a long series of other syntheses have 
a discovered in the animal body. I need only remind my 
ir^si^Lders of the formation of the conjugated sulphuric acids and 
^lycuronic acids, and of the formation of glycogen from sugar. 
It is probable that the formation of proteid from peptone be- 
longs to this cat^ory. We shall soon become acquainted with 
otilser synthetic processes. 

There are two reasons why these synthetic processes in t)ie 

sjiftimal body have excited the interest of physiologists and 

ob«mists during the last twenty years: in the first place, these 

fi*cts were in contradiction to the dominant doctrine of Liebig 

"with re^rd to the universal contrast between the metabolic 

processes in plants and in animals ; in the second place, the 

ay-ntheses in animals are an unsolved problem to chemista, 

although it is the rapid progress in our knowledge of the 

syntheses of clonic compounds which constitutes the greatest 

triumph of modem chemistry. We are already able artificially, 

to build up, atom for atom, out of their elements, a series of 

organic compounds, some of a very complex character. We 

no longer doubt that all the rest, even the most complex, will 

be thus produced; it is merely a question of time. Still, this 

in no way represents the synthetic processes in the living cell, 

for all our artificial syntheses can only be achieved by the 

application of forces and agents which can never play a part in 

vital processes, such as extreme pressure, high temperature, 

Btiong galvanic currents, concentrated mineral acids, free 

cblorin — factors which are immediately fatal to a living cell. 

Thus we have seen that the artificial synthesis of benzoic 
acid and glycocol to hippuric acid could only be induced by 
beatiDg both substances in a dry conditiou, in a closed tube, to 
a temperature of 160° C. This implies extreme pressure, 
extreme temperature, and absence of water. The very reverse 
is tLe case in the auimal body, where we fiud water in every 
tissue, and the ordinary atmospheric pressure and temperature 
in every cell. Even cold-blooded animals form hippuric acid. 
It follows that the animal body has command of ways and 



" Lehrbacb der Chemie," tranalawd by WDhler, 
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means of a totally different character, by which the 
object ia achieved. An inquiry into these would be of eittane 
interest to the chemist and to the pbysiologbt ; the fomiB 
would thus obtain new methods for rising to atOl more com- 
plicated combinations, and the physiologiat would be eDabled bi 
expliiiu many of the most obscure processes in metabolism. 

For this roaaon, Schmiedeberg and I conjointly' resolved to 
study the conditions under which the synthesis of bipporicicid 
takes place in the animal body. 

In order to be able to trace benzoic and hippuric acidi 
through the tissues of the animal body, we required above all, 
a precise method for tbeir detection and estimation. Thi^ ve 
succeeded in obtaining after many experiments. We nuw 
possess a method^ which enables us to separate these acidd 
from all other constituents of the animal body, and to w«igh 
them in a pure crystalline form without any appreciable loss. 

We had next to determine in what organs and in what 
tissues the synthesis takes place. We naturally thought first 
of tbe liver. It is known that here another acid, conjugated 
with glycocol (glycocholic acid), is formed ; besides, syulhetic 
processes have often been assigned to the liver. If tliis view 
were correct, the removal of the liver must cause the bewmc 
acid introduced into the blood to circulate unaltered in it, aod 
to pass out by the kidneys unchanged. 

This experiment could not be carried out in mamin^ 
because, after ligature of the hepatic vessels, the bulk of tbe 
blood accumulates in the portal system, and the eirculation 
in the other oi^ns is almost entirely arrested. Dogs 
die from thirty to fifty minutes after this operation, It 
may be said that they b^in to die as soon as the portal vein 
is tied. 

We therefore iustituted our experiments on frogs. Tber 
bear the extirpation of the liver very well, surviving the optf- 
ation for three or four days. They run about during this lime 
with almost uudiminished vigor. If we introduced bensiic 
acid into the dorsal lymphatic sac, the frogs invariably funned 
hippuric acid, which was more copious when, in addition to 
benzoic acid, glycocol was injected. Unless benzoic acid iras 
injected, no trace of hippuric acid was ever to be found in ine 
tiseueri or in the secretions of the frog. It follows of necesa'.* 
that the li\'er is not the locality, at all events not the exclus*'* 
locality, for the formation of hippuric acid. 

' Bnoge and Sehmiedebprg, Arch. f. tzptr. Patlt. u. Fharm.. toL >i- ^ ^* 
1876. 

' TliG method is described, loe. eil., pp. 234-239. 
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H We then thought that the aynthesis might possibly occur 

Bin the kidney. In order to decide this, it was necessarj' to 

^hive recourse to warm-blooded animals. Dogs survive the 

ligature of the vessels of both kidneys for several hours, and 

the circulation in their other organs is not materially aSectcd. 

We injected glycocol and benzoic acid into the blood of dogs 

thos operated upon, bled them to death after three or four 

hours, and examined the blood of the liver and muscles for 

bippuric acid without ever finding a trace of it ; we found only 

benzoic acid. It therefore appears that all the other organs 

together cannot, without the kidneys, combine glycocol and 

benzoic acid, and that the kidney ia the locality in which the 

syntbesis is performed, 

A sceptical critic will not be satisfied with this conclusion. 
There is still room for objection. The ligature of the kidneys 
may be regarded as so violent an operation as to produce direct 
and indirect disturbances of all kinds in all )>arts of the 
organism. We must therefore admit the possibility that dis- 
turbances may be produced in tissues with which we are as yet 
mmoquainted, and in which the sj-nthesia is efFecfed. 

The hope remained that if we could show that the kidney, 
separated from other organs, was able to produce the synthesis 
by itaelf, we should be in a position to prove that the formation 
of bippuric acid took place in that organ. This hope was 
realized. We bled a dog to death, removed the kidneys, added 
glycocol and benzoic acid to the detibrinated blood, and cou- 
veyed it, under an approximately normal pressure, through the 
artery, and allowed it to flow out of the veins of one of the 
kidneys. The blood that passed out of the vein wa-s returned 
to the reservoir, from which it reentered the artery ; and this 
process was continued for several hours. Hippuric acid was 
invariably found in the blood after its passage through the 
kidney, and in the fluid which during its passage escaped by 
the ureter. But in the other kidney, and in a portion of the 
blood which had not traversed the kidney, no trace of hippuric 
acid could at any time be discovered. It follows that hippuric 
acid was formed in the excised kidney.' 

If we added benzoic acid without glycocol to the blood 
that was passed through the kidney, the quantity of hippuric 
ac'id formed was small ; but it was considerable when glycocol 
was mixed with it. As a matter of fact, the two ingredients 
b^ entered into combination, with separation of water. It 
tras indifferent whether we raised the temperature of the 
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kidney anii the blood to the temperature of the bodj, or 
cooled it to that of the room. In either cases the STnlli«sB 
Wfui effected. It was remarkable how long the excised kido^ 
retained the faculty of forming hippuric acid. In one of oar 
experimeotfl we allowed the kidney to remain for forty-eigbt 
hours in an ice-cheat. We passed the blood of another dog 
through it, which had been obtained twentj'-four Lours prs- 
vioiifily ; nevertheless some hippuric acid was formed. 

We now inquired whether the living tissue of the kidney is 
essential for the synthesis. Does the result depend npos the 
formed elements and upou a definite histological arrangemcDt, 
or is this function of the kidney only due to its containiiig 
certain chemical substances? In the latter case, it might be 
possible to isolate these substances, and then to effect the spi' 
thesis artificially. 

Accordingly we destroyed the renal tissue. We choired 
up the kidney and pounded it into a homogeneous pulp. To 
this we added blood, glycocol, and benzoic acid, and alio™ 
the mixture to stand, shaking it at frequent intervals. Vt 
varied the experiment, applied dlfiferent temperatures, provided 
a copious supply of oxygen, but we never succeeded in finding 
a trace of hippuric acid. 

This experiment was repeated in Pfluger's laboratory by 
Kochs.' Wlien the kidney had only been chopped up, Kocbs 
discovered minute traces of hippuric acid, but if it had beai 
not only chopped up, but also rubbed up " in a mortar with 
large pieces of glass " to an almost homogeneous ma^, not s 
trace of hippuric acid was to be found ; nor was it met with 
when the kidney, before being chopped up, had been froan at 
— 20° C, and thawed at 40°. 

These experiments appear to prove that the synthesis la due 
to the living cells of the kidney, and not to one of its chemii^ 
components. 

We now inquired whether the blood-corpuscles are essentisi 
for the production of the synthesis. We therefore conduced 
serum which had been deprived of all cells by the centrilagJ 
machine, together with glycocol and benzoic acid, through lb* 
excised kidney. In this case no hippuric acid was formed. I' 
follows that the blood-corpuscles also take an active part in ^be 
syntfaesis. 

We now proceeded to inquire into the part played by ""e 
blood-cella in this process, and to determine whether they ""^ 
only as oxygen -carriers. 

In order to decide this question, Sohmiedeberg and Artb"' 
> Wilhelm Kocbi, Pfluger'l Arch., vol. xi. p. 70, etttq^- 1S7S. 
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^BToffiDBn ' conducted blood mixed with glycocol and benzoic 
^bcid, and in which the oxygen hud been replaced by carbonic 
^^xid, through the kidneys. The result was that no hippuric 
acid was formed. The blood-cells therefore also act as oxygen- 
ciarriers in the synthetic process, but whether they have only 
tliis function remains uncertain. It may be object«d that the 
carbonic oxid, besides driving out the oxygen, has a toxic 
effect on the renal cells. The following experiment of 
Schmiedebei^ and Hoffman goes to prove that certain poisons 
do deprive the cells of the power of effecting syntheses. They 
conducted blood, to which, besides glycocol and benzoic aoid, 
c|uiiiine had been added, through the kidneys. Only a very 
email quantity o^ hippuric acid was subsequently found. It is 
known, from the investigations of C Binz,' that quinine arrests 
the ameboid movements of the cells. The same influence that 
kills the cell likewise deprives it of the capability of bringing 
about syntheses. 

With regard to the locality where hippuric acid ia formed 

in the animal body, I would add that its exclusive formation in 

■^e kidnej' is only proven in the case of the dog. Schmiede- 

lerg and I have already shown that frogs form hippuric acid 

L after extirpation of the kidney. Salomon' discovered 

I Mib8€«{uently that certain mammals do not form hippuric acid 

exclusively in the kidney. Salomon, after giving benzoic acid 

to rabbits which had been deprived of their kidneys, found 

l^^abondant hippuric acid in their blood, muscles, and liver. 

^^L If benzoic acid be introduced into birds, it appears in the 

^^fcrine, not as hippuric acid, but combined with a base, which 

^^nfafi%* described as omithin, having the formula C^HjjNjOj, 

l^^It is probably diamido- valerianic acid. Two other diamido- 

acids were discovered later by Drechsel among the products of 

^integration of proteids, viz., diamido-acetic acid and diamido- 

csproic acid or lysin. These latter have hitherto been obtained 

only outside the organism by the artificial hydrolysis of pro- 

teids, whereas diamido- valerianic acid has only been detected 

I as the retnilt of the natural decomposition of proteids in the 
body. The compound of benzoic acid and omithin has been 
called oraithuric acid by JaS^. 
But, as already mentioned, a very inconsiderable portion of 
the nitrogen in human beings Is eliminated as hippuric acid. 
The bulk of it, in man and mammals, appears in the urine as 
' Arthur HaSmBn, Arch, /. txper. Path. u. Pharm.. val. 
»C. Biai, Arch./, mikr. Aaal.. vol. iii. p. 383: 1867. 
' Balomoa. Zeiltehr. /. ph]/»U>l. CAem.. vol. iii. p. 365. 
* Jaffif, Ber. i. AevUch. chem. Oa., vol. i. p. 1926 : 1877 ; vol. 
,, 1ST8, Baal lUjer, ibid., toI. x. p. 1&30 1 1B77. 
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UBEA. The amount of area excreted ia therefore regarded i^ 
an index of the consumption of proteid in the body. T^ 
greater portion of nitn^n is introduced in the form •> 
proteid. Nearly half the weight of urea consists of nil 
The 100 grms. of proteid daily used up by one person cont 
about 16 grms. of nitrogen, to which 34 grms. of urea oon>^ 
spend, llbis is about tiie quantity found in a man's mr^«^ 
during twenty-four hours. 

The constitution of urea is known. Its formation ^^ 
carboxyl chlorid (COCl^ and anmionia, as well as from e%^^ 
carbonate and ammonia, undoubtedly shows that urea shool^ ^ 
r^arded as the amid of carbonic acid, carbamid [CX)(HN'J^7 
On heating with acids or alkalies or by the action of fennco^i 
urea takes up two molecules of water and is converted into ar- 
bonate of ammonia. Urea is a neutral compound, capable of 
crystallization and very readily soluble in water. 

How does urea arise from proteid, and what are the iotv- 
mediate stages ? A recapitulation of our previous remarb od 
the changes of proteid in the body may not be out of plaoe 
here. It was shown that proteid was converted by the digestiTe 
ferments into peptones; that the peptones are probably prod- 
ucts of decomposition ; and that, by continued action of tlte 
digestive ferments or of other ferments of decomposition, a 
part of the nitrogen is split off in the form of amido-acidB, tt 
amido-caproic acid or leucin [CgH,^(NHJCOOH] , as tyrodn, 

an aromatic amido-acid lC^H^< H rNH^CJOOH)' ^ •* 

amido-suocinic acid or aspartic acid^ [CyH3(NHj)(C00HJ] 
and its homologue, glutamic acid, C3H5(NH^(OOOH)^ Tbe 
proteids also give the same products of decomposition on boil- 
ing with acids or with alkalies.' We have moreover seen dut 
a portion of the proteids is converted in the animal body into 
collagenous substances which, under the same conditions ts 
the y)roteids, produce amido-acids, and especially leucin lod 
glycocol.* 

^ Radziejewski and E. Salkowski, Ber, d, deuUeh, ehem, G^., toI. tu. ^ 
1050 : 1874 ; W. von Knieriem, Zeitsehr, /. Biolog., vol. xi. p. 198 : 1875. 

' Hlasiwetz and Habermann, Ann, d, Chem, u, Pharm,, vol. olxiz. p. ISO*. 
1873 : £. Schulze, J. Barbieri und E. Bossard, Zeitsehr, /. phytiol, Ckm„ f^ 
iz. p. 63: 1884; E. Schulze and E. Bossard, ibid,, vol. x. p. 134: 1885; M. ?• 
Schutzenberger, Bull, de la SociUi ehim,, vol. xxiii. pp. 161, 193, 216, 34S, S8&« 
433; vol. xxiv. pp. 2, 145: 1876; vol. xxv. p. 147: 1876; SchuUenberger eft A- 
Boargeois, Compt, rend.^ vol. Ixxxii. p. 262: 1876. Compare also B. Ito^^t 
Sxtzungaher. d. k. Akad, d. W, in Wien,, Math. nat. CI., vol. xci. part iL, F 
1885; vol. zcvii. part ii., March, 1888; and vol. xcix. part ii., Jan., 1889. 

^Nencki, '* Ueber die Zenetzang der Gelatine and des EiweisMi bei 
Faalniss mit Paakreas " : Berlin, 1876. Jules Jennaret, Jaum, /. praH, 
N. F., vol. XV. p. 353: 1877 (from Nencki's laboratory). 
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More recently a number of basic substances have been dis- 
overed among the products of disint^ration of proteids. As 
^e have ahready mentioned^ Drechsel found diamido-acetic 
cid,^ diamido-caproic acid or lysin^' and a body to which he 
;ave the name of lysatin and which has been since found to 
onsist of a mixture of lysin with another base, arginin.^ This 
ubstance, together witii histidin/ was first discovered by 
Tedin. 

Arginin (C Hj,N,0^ and histidin (C^H^N^O^) had already 
leen discovered by Kossel, together with lysin, among the 
leoomposition products of certain bases which occur in the 
permatozoa of certain fish. Miescher^ had previously found 
, base of the composition C^^H^fi^ in the spermatozoa of 
Ihine salmon and had given it the name of protamin. Kossel * 
bond similar bases in the spermatozoa of other Salmonidse as 
rell as of the sturgeon and herring. It is remarkable that the 
»Totamins give the most constant proteid reaction, viz., the 
duret reaction. 

These &ct8 suggest that all these nitrogenous substances 
night be r^arded as the precursors of urea. So far only 
he amido-acids have been the subject of direct experiment. 
Ichnltzen and Nencki^ administered leucin and glycocol to 
1<^, and found that these compounds did not reappear in the 
irine, but that there was a corresponding increase of urea. 
lalkowski,^ on repeating these experiments, fully confirmed these 
esolts. Knieriem * showed, by a similar method of research, 
hat aspartic acid is also converted into urea. 

But even these facts tend but little to the elucidation of the 
>rigin of urea. It is only the smallest part of urea which can 
M formed from amido-acids. This is seen by a glance at the 
onpirical formula of proteids. We have shown (pp. 49-51) that 



' E. Drechsel, Ber. d, k, aaeh, Ges, d. Wuiensch,^ p. 115 : 1892. 

* E. Drechael and B. Kruger, Ber, d, deuUeh, chem. Oes.^ vol. xxt. p. 2464 : 
1892. 

* Hedin, Zeiitchr. /. phyaiol, Chem,, vol. xx. p. 186 : 1895 ; vol. xxi. p. 155 : 
ia96. Compare alto £. Schulze and E. Steiger. ibid,, vol. xi. p. 43 : 1887. 

^Hedin, Zeitsehr, f, phytiol, Chem,, vol. xxii. p. 191 : 1896. Compare M. 
Uatr,ibid,, vol. xxii., p. 284: 1896. 

■Mieecher, Verhandl, d, naturf, Oes, in Basel, p. 138: 1874. J. Piccard, 
Krr. d. deuUch, ehem. Get,, vol. vii. p. 1714: 1874. Posthamous paper of 
'ie«clier, edited by O. Schmiedeberg, Arch, f. exper. Path, u, Pharm,, vol. 
cxTii.p. 100: 1896. 

* Koaael, SiUungiber, d. Get, z, Beford, d, get, Halunmssenseh, z, Marburg , 
o. 5, p. 56 : Jaly, 1897. 

^ScholUen and Nencki, Zeitsehr, f, Biolog,, vol. viii. p. 124 : 1872. 
*E.8alkowaki, ZeiUehr, f. phytiol, Chem,, vol. iv. p. 100: 1879. 
*W. von Knieriem, Zeiitchr,/, Biolog,, vol. x. p. 279 : 1874. 
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the following formolsB may be deduced firom the most reliable 
analyses of the purest preparations of proteids. 

Egg-albamin. ^^tfint^ufitA' 

Proteid in hemoglobin from hone. ^W^um^smQmi^ 

Proteid in hemoglobin from dog. ^^^nn^vtfi'nfir 

Olobulin from pumpkin seeds. ^^w^jn^ss^VA* 

We see that there is not nearly sufficient carbon in the pioteid 
to permit of all the nitrogen issuing as an amido-acid. In the 
various kinds of proteid, from three to four atoms of carbon go 
to one atom of nitrogen ; in aspartic acid, four atoms of caiboo 
to one of nitrogen ; in leucin, six ; and in tyrosin, as many m 
nine. Glycocol indeed contains only two atoms of carbon to 
one of nitrogen. But it is questionable whether it is this amido- 
acid which is formed in especially large quantity from the proteid 
in the animal body. As stated, it cannot be obtained &om the 
proteid outside the organism, but only if the proteid has been 
previously changed by the vital process in the animal into i 
collagenous substance ; and it is only the smallest portion of the 
proteid of the food which undergoes this conversion. It moflt 
also be taken into consideration that the proteid in the animal 
body also yields products of decomposition free horn nitrogen 
and very rich in carbon. What follows will make it apparent 
that fat and glycogen can be formed in the animal body from 
proteid. We are thus obliged to conclude that the largest po^ 
tion of the nitrogen is split off from the proteid molecule ae t 
compound containing very little carbon. 

It is possible that a part of the urea in the animal body is 
separated directly from the proteid as a neutral compooiid. 
But it is also possible that ammonia and carbonic acid Sfl&t 
off from the proteid, subsequently combining, with elimination 
of water, to form urea. This would be a process completely 
analogous to that involved in the formation of hippuric ackL 
As monobasic benzoic acid unites with a molecule of a sob- 
stituted ammonia (glycocol), losing one molecule of water, to 
form hippuric acid, so dibasic carbonic acid unites with two 
molecules of ammonia, losing two molecules of water, to form 
urea — 



(f=0 -f 2NH, = 2H,0+ <^=0 

N)H \nh, 



The conversion of the amido-acids into urea may be thus repi^ 
sented : they are first split up and oxidized into carbonic acid 



and ammoDift, and in tkis state yield tbe material for the 

formation of urea. In any case, we have to deal with 

I aoother synthetic process, for the leucin and glycocol coDtain 

^Llmt one atom of nitrogen in the molecule, whereas urea has 

■tiro. 

^f Tbe suppositjon that carbonate of ammonia was the aiite- 
[ cedent of urea was based upon the following observations of 
Bucbbeim and his pupil Lohrer.' The latter took 3 gnns. of 
ammonia in the form of citrate, expecting that it would behave 
in the body like citrate of potash or soda, which are known to 
pass into the urine as carbonates of ywtaah or soda, and to 
render the urine alkaline. But this did not happen. The 
urine remained acid. The carbonate of ammonia formed must 
therefore have been converted into a neutral compound. It 
was readily assumed that urea had beeu formed. 

In order to decide the question whether ammonia is eon- 
verted in the animal body into urea, careful experiments on 
the metabolic changes were made by Knieriem" on dogs and 
on human beings, and by Salkowski^ on dogs and on rabbits. 
Tbe experiments made on rabbits gave results which were 
quite definite: af^r the administration of chlorid of ammonia, 
the excretion of ammonia was scarcely increased at all, whereas 
that of urea was increased. The experiments on human beings 
sod on dogs were not so definite. Part of the ammonia 
appeared unaltered in the urine, and it remained doubtful 
whether the extra excretion of urea was to be ascribed to tbe 
ammonia administered, or to an indirect increase of proteid- 
decomposition produced by the ammonia. This difference in 
its action in rabbits as compared with human beings and dogs 
may be explained as follows. The hydrochloric acid of the 
ehlorid of ammonia introduced, by its strong affinity for 
, ammonia, prevents the union of the latter with the carbonic 

ttdd to form urea. Now, in the oi^nism of herbivora this 
jbiodranoe is overcome, beoau"* the vegetable food yields an 
llkaline asb ; carbonate of potash is also formed in the 
organism by combustion; this, together with the chlorid of 
ammonia, is converted into chlorid of potash and carbonate of 
immonia, which latter is changed into urea. The mixed diet 
of human beings and of dogs in Knieriem's and Salkowski's 
^Lexper intents would necessarily give a feebly acid ash ; the 
^■eonversion of tbe ammonia into urea was tlierefore not so 

, • Jatiu* Lobrcr. " Ueber den Uebergang der AmmoniakeatEe Id den Horn," 

luug. DiMert. Dorpat, 1862, pp. 36, 37, 

■tod Kniericta,ZriUehr.f.Siolot.,To]. z. p. 263: 1874. 
>£.8Blkoinki,i!MlMAr./.jfAv«oJ. CAcm.,Tol.i.p. I: 1877. 
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complete. Feder^^ who experimented with chlorid of ammcmja 
upon fasting dogs, recovered all the ammonia from the urine. 
For the &sting dog is nourished by some of the proteid of its 
tissues, and a great deal of sulphuric acid is set firee. This 
prevents the ammonia from uniting with the carbonic acid. 
Fr. Walter^ and Coranda' showed the excretion of anmionia 
to be considerably augmented in dogs and in man after the 
administration of hydrochloric acid. The latter impedes the 
normal formation of urea. "The administration of carbonate 
of soda diminishes the normal excretion of ammonia.^ For 
this reason the experiments on the formation of urea were 
repeated in Schmiedeberg's laboratory/ but the anmionia wis 
not administered in combination with strong mineral acids, bot 
simply as carbonate. The dog swallowed the carbonate of 
anmionia wrapped in meat readily enough ; in tliis manner 3 
grms. NH3 were administered to the animal on two succesBive 
afternoons. The excretion of ammonia in the urine was not 
found to be augmented, but there was an increase of urea, and 
the urine remained acid. Thus there can be no doubt thtt 
carbonate of ammonia is converted into urea. 

Hoppe-Seyler* and Salkowski^ have arrived at odier 
views concerning the origin of urea. They r^ard cyanie 
acid as the immediate precursor of urea, and Drecbsd* 
considers that urea arises from carbamate of ammonia. Thk 
last opinion is not at variance with the idea that area 
originates in carbonate of ammonia. For carbamate of 

ammonia < C=0 > stands midway between carbonate 

:nh/ 



\)(NH, 



* Feder, Zeitschr. f. Biolog,^ vol. xiii. p. 256 : 1877. 

* Fr. Walter, ArcK f. exper. Path, u, Pharm., vol. vii. p. 148 : 1877. 

* Coranda, ibid., vol. xii. p. 76 : 1880. 

^ Munk, Zeittehr, /. phyHoL Chem,^ vol. ii. p. 29 : 1878 ; £. HallenrordeD, 
Arch,/, exper. Path, u. Pharm.^ vol. x. p. 124: 1879. 

^ Hallervorden, loc. cil,, whose results have been confirmed by Feder lad 
Voit, ZeiUchr, /. Biolog.^ vol. xvi. p. 177 : 1880. 

* Hoppe-Seyler, Ber, d. deutsch, chem, Qei., vol. vii. p. S4: 1874; ind 
" Physiologische Chemie," pp. 809, 810: Berlin, 1881. 

7£. Salkowski, CerUralbl. /. d. med, Wiuenseh,, p. 913: 1875; ZeiUekrJ. 
phyrioL Chem,^ vol. i. pp. 26-42 : 1877. Compare also SchmiedeberK'* ol)!)eeti<M 
in the Arch, f, exper. Path, u, Pharm,, vol. viii. p. 4, et »eq.: 1878; tad 
Schroder's, ibid,, vol. xv. pp. 399, 400 : 1882. 

* £. Drechsel, Ber. d, sdchi, Oei, d, Wissenseh,, p. 171 : 1875 ; Jaum,f,prdkL 
Chem,, N. F., vol. xii. p. 417 : 1876 ; vol. xvi. pp. 169, 180: 1877; vol. xxil p. 
476 : 1880. Compare also the objections raised by Franx Hofmeister, Pflagcr^ 
Arch,^ vol. xii. p. 337 : 1876. Considerable difficulties, which have not yet ben 
sacoessfully overcome, are met with in the attempt to detect and detenniDe 
quantitatively the carbamic acid in the urine and tissnef . Compare Hshn and 
Nencki, Arch, d, Sc, biol,, vol. i. p. 447 : St. Petersburg, 1892. 
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and urea ■( C=0 V . By 



eliminaUng one molecule of water, carbonate o 
carbamate of ammonia ; by elimination of a aecond molecule, 
urea. Ae it would lead me tix) far to enter into these theories) 
at greater detail, I refer the reader to the interesting original 
works that deal with the matter. 

The most complete and reliable researches as to the locality 
in which urea is generated have been made by W. von 
Schrikler.' He extirpated both kidneys in a dog, and took a 
specimen of the blood from the carotid immediately after the 
operation. The dog was Ijled to death twenty-aeven hours 
^^rwards. The quantity of urea in each sample of blood 
was determined.' In the first case it amounted to 0.5 per 
thou^od ; in the second, t^j 2 per thousand. The urea in the 
blood is therefore iacreased fourfold by the extirpation of the 
kidneys, and it follows that the kidneys cannot be the only 
place where urea is formed/ 

But the possibility still remained that urea was formed in 
the kidney as well. Schroder tlierefore conducted blood, to 
which carbonate of ammonia had been added, through the 
excised kidneys. The amount of urea iu the bliK>d remained 
the same, both before and after it had been parsed tbrough the 
kidneys. As the formation of urea from carbonate of ammonia 
is a process entirely analogous to that of the formation of 
faippuric acid from glycoool and benzoic acid, and as the 
excised kidney still brings about the latter synthesis, this 
experiment renders it extremely probable that carbonate of 
ammonia does not, in normal conditions, undet^ conversion 
into nrea in the kidneys. 

Urea is therefore not formed in the kidneys but merely 
excreted by them. But where is it formed? As the muscles 
constitute 40 per cent, of the whole weight of the body, it was 
natural to think of them first. The compound, which forms 

' W. TMi Schroder, Areh. f. exper. Path. u. Pharm., vol. xt. p. SM : 1B82 ; 
udTol. xii. p.373: ISS5. 

* The sdmirsble care with nbivh Ihe methoda of determining tbe urea were 
MOlniUcd and carried oat renders Schroder's resesrchel so valuable, and raises 
tbem &i above those of bis predecessDrs. In the decisis eiperimcuts the urea 
wtt weighed in pure erj'at&la. which were aubiequentl^ analyzed to teat their 
parity. The method is described inc. cit., pp. 367-377. 

~ The rcaulto of previous worlc are in hajmony with tliis, especially those of 
and Damaa in the .4>in. ic Chim.etiUPhy:, vol. iziii. p. 90:1823. An 
of the earlier literature is given by Voit, ZeilKhr.f, Biolog,, vol. It. p. 

rlttg..- 1868; and by Sehriider, toe. ciC., pp. 3S4, 366. 
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the balk of the nitrogenous end-producte, might arise in the 
muscles. Schroder therefore conducted blood impregnaled wilh 
carbonate of ammonia through the hind quarters of a deg 
which had been bled to death. The blood was introduced ioio 
the abdominal aorta below the renal arteries, and Sov/ei oat 
of the inferior vena cava. In one of the experiments 1100 
ccma. of blood were parsed repeatedly through the limba, » 
that the total Sow during 4| hours amounted to 40 liters. 
" During the first four hours the limbs moved spontaneonaly, 
obviously from the stimulation to the spinal cord; ita irriti- 
bility continued to the end of the experiment. If one electrafc 
was inserted into the gpinal cord and the other applied to iIm 
1^, tetanus ensued. A part of the spinal cord evidently pre- 
served ita vitality, for stimulation of one 1^ produced coDtnfr 
tion of the other." But the amount of urea in the blood <nB 
exactly the same before and after the passage of the blood. 
The conclusion therefore is that no urea is formed from cartwo 
ate of ammonia in the muscles and tissues of the body ; nnlea 
indeed the objection were raised that the extremities could not 
be r^arded as being under normal conditions in epite of the 
remarkable way they appeared to retain their vital properda. 

The liver was the next organ to be thought of. It was lo 
be expected that large quantities of urea could be formed only 
in a large oi^an. There are various reasons for belie^g 
that extensive metabolic processes go on ui the liver, ihe 
lai^st of the glands. Schroder therefore conducted blooJ 
containing carbonate or formate of ammonia through the liver. 
The organ was removed from a small dog, whose blotxl *as 
mixed with that of a large dog. The blood was introduced into 
the portal vein, and flowed out of the vena cava above ihf 
diaphragm. The hepatic artery was closed. After the bli>«l 
had been allowed to pass for from four to five hours, tb* 
urea was found to amount to between double and treble the 
previous quantity. If blood without any carbonate of am- 
monia was conducted tlirough the liver, tlie amount of urw 
increa'ied but little, and then only in those experiment* in 
which the liver and the blood were taken from dc^ during' 
digestion. If the blood and liver were removed from fiisting 
dogs, and carbonate of ammonia was not mixed with the blwd, 
no urea was formed ; but this occurred directly carbonate «• 
ammonia was added. 

These results of Schroder's have been confirmed by Salo- 
mon,' who made his experiments on herbivora (sheep) as well 
as on dogs. 

>W. Salomon, Vircbow'i Areli., vol. icrii. p. 149: 1884. 
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Hence it follows that the synthesis of carbonate of ammonia 
into urea takes place in the liver. 

Even this knowledge however does not advance our acquaint- 
ance with the precursors of urea. The antecedents of the small 
amount of urea, obtained by passing through the liver blood 
which had been taken from dogs during digestion^ are still 
miknown. In all the other experiments the precursor (carbon- 
ate of ammonia) was artificially introduced. What justification 
is there for the conclusion that carbonate of ammonia is also 
normally the precursor of urea ? 

SchrSder based his views on this subject upon pathological 
&ct8. If normally urea really arises in the liver fi*om car- 
bonate of ammonia, we should expect that in diseases of the 
liver the formation of urea would be arrested, and that a 
portion of the precursors would pass unchanged into the urine. 
We should especially anticipate this in cirrhosis of the liver, 
when the specific hepatic cells are pressed upon by the en- 
croaching connective tissue, become atrophied, and in great part 
disappear. 

The above assumption has been confirmed by observation. 
Investigators have found that in interstitial hepatitis the elimi- 
nation of ammonia is increased both absolutely and relatively 
in proportion to the excretion of urea.^ Healthy people excrete 
finom 0.4 to 0.9 grm. of ammonia in twenty-four hours, and in 
cases of cirrhosis it rises to 2.5 grms. 

It is thus rendered probable that part of the urea does arise 
normally from carbonate of ammonia, but the actual quantity 
is not yet known. It may be that only the small amount of 
ammonia produced by bacterial putrefaction in the intestines is 
absorbed by the blood of the portal vein to undergo this con- 
version in the liver into the innocuous urea. (Compare Lecture 
XXII.) Ammonia is a poison, and one of the functions of the 
liver is the prevention of ammonia intoxication. We must 
therefore acknowledge the possibility that the bulk of the urea 
takes its origin from another source. 

The question as to the part played by the liver in the 
fi>rmation of urea might be definitely decided if we could 
succeed in keeping mammals alive for a considerable time after 
complete extirpation of the liver, or at any rate after cutting 
this organ out of the circulation. I have already mentioned 
(p. 284) the chief difficulty which prevents the carrying out 
of this operation, viz., the complete stasis which occurs in the 

^ Hallervorden, Arch, f, exper. Path, u, Pharm., vol. xii. p. 237: 1880; 
StadelmaoD, Deutach, Arch, f, klin, Mtd.^ vol. xxxiii. p. 526 : 1883. 
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veins of the abdominal viscera as a result of ligature of tlie 
portal vein. This difficulty has been overcome by establishing 
an artificial communication between the portal vein and the 
left renal vein or with the inferior vena cava.^ The latter 
operation has been more especially carried out bj V. Maasen 
and J. Pawlow on dogs with such skill that several of the 
animals survived the operation for months. A complete 
exclusion of the liver from the circulation was not however 
efiectedy since the hepatic veins remained open, and since, even 
after ligature of the hepatic artery, blood could reach the liver 
by collateral anastomoses. In animals which had undergone 
this operation the ammonia of the urine was found to be 
increased to as much as 0.85 grm. in the twenty-four hours. 
The great bulk of the nitrogen, however, was still secreted as 
urea. In normal dogs the proportion of ammonia to urea was 
found to vary between ^^ and ^ ; in the operated dogs between 

i and ijV-' 

Massen and Pawlow also attempted to extirpate the liver 

aft;er establishing the venous fistula and tying the hepatic 
artery. As much as seven-eighths of the liver oould be de- 
stroyed in this way, but the dogs never survived this operatioD 
more than six hours, and generally only two or three hours. 

In our previous remarks on the precursors of urea no notice 
has been taken of a proteid product of decomposition which is 
very rich in nitrogen, i. e., createn. And yet creatin is im- 
portant, as no other nitrogenous end-product of metabolism 
occurs in so large a quantity in the body. Only very small 
quantities of urea (of which from 30 to 40 grms. pass daily into 
the urine) are at all times found in the body. The total blood 
contains at most 2 grms., and it could not be detected in muscle. 
On the other hand, creatin, of which only fix)m 0.5 to 2.5 grms. 
per diem pass as such or as creatinin into the urine, is found 
in the muscles alone to the extent of about 90 grms. This fiu;t 
renders it probable that creatin is converted into urea and thus 
passes into the urine. This view has been held by many 
physiologists, but the following observation seemed opposed to 
it. It was found that creatin, introduced into an animal, 
reappears in the urine either unaltered or, consequent upon the 

^ N. v. Eck, Travaux de la Soc, det NcUuralUtes de St. PHerthourg, toI. z.: 
1879. Balletins de la Section Zoologique. Stolnikow, Pfluger's Arch,, vol. zxnii. 
p. 266 : 1882 ; Stem, Areh.f, Path, u. Pharm,,Yo\. xix. p. 45 : 1885 ; W. v. Schroder, 
ibid., vol. xix. p. 373 : 1885 ; Hahn, Massen, Nencki et Pawlow, Arch. d. 8e. bioL, 
vol. i. p. 401 : St. Petersburg, 1892. 

* Hahn and Nencki, Arch. d. 8c. bicl., vol. 1. pp. 461-465 : St. PeterriHUV, 
1892. 
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I06B of one molecule of water, as creatinin.^ Hence it was 
inferred that creatin could not be one of the antecedents of 
area. But this inference is incorrect; because the creatin 
introduced into the stomach or direct into the blood remains 
unaltered, it does not follow that the creatin formed in the 
muscles behaves in the same way. It is quite impossible for us 
artificially to introduce substances to the part where they would 
be decomposed in health. The muscular fibers withdraw from 
the blood nutritive substances only, and throw off the end 
products in an opposite direction. It is therefore even d priori 
unlikely that creatin, when artificially introduced, would enter 
die muscle and be decomposed. It must be noted that it is 
not only possible, but probable, that the large amount of 
creatin formed in muscle becomes further split up and, 
when converted into urea, given off to the blood. It is true 
that urea cannot be detected in muscle. Liebig, in his 
celebrated work on meat, says, ** I think that I should be able 
to detect urea in meat-juice if only one-millionth part were 
present."' But it does not therefore follow that urea is not 
formed there. It is quite possible that it is formed in the 
muscle, but that it is inunediately carried off into the blood- 
current. 

I have already given the reasons for my view that the 
compounds into which the bulk of the nitrogen in the proteid 
molecule splits up are very poor in carbon. Creatin answers to 
this description ; it contains only four atoms of carbon to three 
of nitrogen. 

The composition of creatin has been thoroughly known 
since Volhai^ and Strecker succeeded in producing it syn- 
thetically. Volhard' heated an alkaline solution of sarcosin 
(methylglycocol) and cyanamid to 100° C. for a few hours in 
a closed vessel. On cooling, creatin crystallized out. Strecker 
went still more simply to work. If he allowed a saturated 
watery solution of sarcosin, with the requisite amount of 
cyanamid and a few drops of anmionia, to stand in the cold, a 
laige quantity of creatin was obtained.^ 

The constitution of creatin may be more readily understood 
firom a comparison of the composition of guanidin, which is 

^ O. Meisener, ZeiUchr, /. raZ, Med,, vol. xziv. p. 100 : 1865 ; toI. xxvi. p. 
225: 1866; vol. xxxi. p. 283 : 1868; C. Voit, ZeiUehr, /. Biolog,, vol. iv. p. Ill : 
1868. 

* Liebig, Ann, d, Chem, u. Pharm,, vol. Ixii. p. 368 : 1847. 

* Volhard, SiUungaber, d. Munch. Akad,, vol. ii. p. 472 : 1868 ; or Zeilschr.f, 
Ckem,,p,SlS: 1869. 

^ Strecker, Jtihreiber, uber Fortsehr, d. Chem., note to p. 686 : 1868. Vide 
mXto Horbacsewiki, Wien, med, Jahrb,, p. 459 : 1885. 
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quite analogous to creatin both in syntheas and in deoomposi- 
tion. Creatin is a substituted guanidin. 



(5-N -f l(--H = d==NH 

Cyanamid. Guanidin. 




-C500H 
Cyanamid. Sarcoein. Creatin. 

The analysis corresponds to the synthesis. On boiling i^V^Vi 
baryta water, the guanidin again splits into ammonia and cy^ 
amid. But the cyanamid takes up one molecule of w^ni^ 
and passes into urea. In the same way creatin breaks up io^ 
urea and sarcosin, a substituted ammonia. The close affiojff 
of creatin to urea, and the possibility of its conversion into tb'e 
latter, is thus amply proved. 

Creatin is a neutral compound. By elimination of one 
molecule of water it passes into a strong base-— creatin. 
This conversion is readily effected in an acid solution ; creatin 
is as readily reformed by an alkaline soludon. In confennity 
with this, the small amount of creatin daily excreted throogh 
the kidneys occurs chiefly as creatinin in acid urine, and as 
creatin in alkaline urine.^ 

DrechseP has prepared a base homologous with creatin 
{CJ3.jNfi) by the hydroly tic decomposition of various proteidg, 
such as casein, conglutin, and gelatin. This body, which he 
called lysatin, has since been shown to be a mixture of lyan and 
arginin ; and it is the latter body which belongs to the creatin 
group and like creatin yields urea on decomposition with 
baryta water. 

As creatin breaks up into urea and methyl-amido-acetic acid, 
so arginin, on hydrolysis, yields urea and diamido-valerianic 
acid (ornithin). Drechsel reckons that -J of the total urea pro- 
duced in our bodies by the decomposition of proteid may arise 
in this way by simple hydrolytic dissociation. We see therefore 
that some at any rate of the urea can be formed indepeDdently 
of the processes of oxidation and subsequent synthesis. 

^ Voit, Zeitschr, /. Biolog,^ vol. iv. p. 115 : 1868. 

' Drechsel, Btr, d, dnU. chem, (?<«., vol. zziii. p. S096 : 1890. 
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THE NITROGENOUS END-PRODUCTS OP METABOLISM (continued) 
— URIC ACID AND THE XANTHIN GROUP 

Uric acid is the only nitrogenous end-product leaving the 
bodj in any quantity that remains for our discussion. 

The amount of uric acid excreted in twenty-four hours 
varies greatly in the case of human beings. It depends upon 
the nature of the food. With a purely v^etable diet it 
amounts from 0.2 to 0.7 grm., and with a full meat diet it rises 
to 2 grms. and more. These differences cannot be explained 
merely by the varying amount of proteid in the food, for the 
proportion of uric acid to urea and to the total amount of 
nitrogen varies greatly. For instance, I found that the pro- 
portion of urea to uric acid in twenty-four hours in the urine of 
a healthy young man, when eating nothing but bread, = f f ^f 
ao 82 ; and when living on meat, = ^ + 1 = 48. Uric acid is 
sometimes entirely absent from the urine of carnivorous ani- 
mals, such as cats and dogs, and only a trace is generally 
found in the urine of herbivora. The bulk of the nitrogen 
however appears in this form in the urine of birds and reptiles. 

Uric acid has the composition CgH^N^O^. One of the four 
hydit^en atoms is easily replaced by metals. If the uric acid 
be dissolved in a solution of sodium carbonate, the compound 
CjHjNaN^O, is obtained. This compound is termed an acid 
orate. On dissolving in free alkalies, a second hydrogen atom 
is replaced by the alkaline metal. This compound is called a 
neutral urate. It is not known whether it occurs in the ani- 
mal body. 

Uric acid and all its ' acid salts ' are with difficulty soluble 
in water. It is important, from a physiological and pathological 
point of view, to be accurately acquainted with its various 
d^rees of solubility. It is well known that in disease, uric 
acid and urates may be precipitated from the fluids of the body, 
and become deposited in the joints and other organs and tissues, 
or from the urine in the tubules and pelvis of the kidney and 
in the bladder. The painful symptoms of what are known as 
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the uric acid diathesis and of gout are due to this. 

fore highly interesting to know under "what conditions nrie acid 

is soluble, and under what circumstances it is precipitated. 

A gramme of free uric acid requires for its solution, at tbe 
temperature of the room, about 14 liters of water ; at boiling 
heat, nearly 2 liters ; and at the temperature of the body, ff^mi 
7 to 8 liters.' The acid sodium urate dissolves in llOO jarti 
of cold and 124 of boiling water. The ammonia salt and the 
sattt^ of the alkaline earths are much less soluble. 

Sometimes as much as 2 grms. of uric acid are entirel.T 
dissolved in the normal urine, the volume of which in twenly- 
four hours ordinarily amounts to from 1500 to 2000 ccms. It 
cannot be dissolved as a free acid, for, as we have just seen, 3 
grms. of free uric acid require 1 5 liters of water at the tem- 
perature of the bi^dy, or ten times more than actually soffim 
for its solution. We must therefore assume that the uric acid 
is dissolved us an alkaline salt. But this is apparently oppai^ 
to the following fact : if clear acid urine be allowed to «wl lo 
the temperature of the room, the greater part of the uric acid 
usually s^mrates out as a free acid in lai^ and beautiful 
crystals, which are colorc<l brown by the coloring miitltr 
brought down with it. The weight of the cr)'stals obtMU«i 
from the normal urine of twenty-four hours may amount to as 
much as 1 grm. How is this to be explamed ? If 2 liters of 
uric acid solution, saturated at the temperature of the body, be 
allowed to cool, only about 1 decigrm. of uric acid is precipi- 
tated. How then can it reach ten times that amount ? 

The explanation is as follows : If, at the temperature of 
the body, a saturated solution of acid urate of soda, with a 
neutral reaction, be mixed with a solution of acid phosphate of 
soda (NaHjPO,), with an acid reaction, the mixture will be 
acid. But if it be left to cool at the temperature of the room, 
the reaction becomes alkaline, and free uric acid crystallizes out 
The mass-influence of the uric acid is diminished by cooliag, 
because fewer of iti molecules are dissolved in the unit of space. 
The ma.ss- influence of the phosphoric acid becomes relatively 
stronger. This acid therefore takes possession of the sodium 
of the uric acid, and passes into the alkaline salt Na^HPO,. If 
the solution be heated afresh, the uric acid crj'stals redissolve, 
and the solution now gives an acid reaction. The uric acid In 
acid urine, which is always rich in phosphates of the alkalies, 

' Ab no account, bo far as I know, ha£ ever been given nf the ■olnbilitj of 
Dric acid at the temperature of the body, I have mode two detenu iiislions, xtrj- 
ing betveen 35° aud 40° C: 1 grm. of uric acid retguiied 768U c.cina. of vater in 
the Gnt experimeat, in the seoond 7;)20 c.cmi.. for Mlution. 
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Ttehaves in exactly the same way. It can be proved that, on 
cooling the acid urine, the acidity decreases in proportion as 
the uric acid crj-gtallizes out. When raised to the temperature 
of the body, the crystals rediseolve.' 

The phosphates of the alkalies thufi play the same part in 
the sulutidD of the uric acid that they do in the absorption of 
\J&e carbonic acid iu the blood and in the tissues (pp. '26A-'26a). 
h It is doubtful whether the solution and elimination of the 
^nric acid is to be thus explained in all cases. The acidity of 
the urine is occasionally found to be increased after the pre- 
cipitation of uric acid,' It is possible that acids split off from 
neutral compounds by fermentation, or that dibasic arise from 
monobasic acids by decomposition. This process may at times 
be completed even within the urinary passages, the con.sequeuce 
being that uric acid is precipitated. We are as yet far from 
having obtained a satisfactory explanation of the manner iu 
which the solution of uric acid is etfected. 

If the urine be only feebly acid or alkaline, as it is fre- 
qnently with a v^etable or mixed diet, no free uric acid will 
be deposited on cooling ; but if the urine be concentrated, acid 
arate of soda will be precipitated. This appears in exceedingly 
fine round granules which, like the free uric acid, are brown 
or red-brown, owing to the coloring matter bn»ught down 
with them ; this is found at the bottom of the vessel, and con- 
stitutes what is known as the lateritinus deposit. 

The uric acid sediment was formerly employed as a guide 
diagnosing disease, but was very misleading. For instance, 
was incorrectly assumed that an increase of sediment meant 

increase of uric acid secretion. We have seen that the 
■ecipitation of uric acid depends not only on its absolute 
lount, but also on the concentration and acidity of the 
It appears however to depend on other conditions as 
well. It is often found that urines which deposit crystalline 
uric acid are neither richer in uric acid nor more concentrated ; 
nor do they contain more free acid than others which remain 
clear or deposit urates.* 

It is conceivable that uric acid circulates in the fluids of 
the body as a readily soluble compound with an organic 
substance, which appears in the urine, and is then split up 

t^Vidt Voitand Hofmann, " Ueberdiis Zuatandekommeniler HnmBBUreBedi- 
le." Silzuitgibir, d, bai/r. Akatl., vol. xi. p. 279: 18(17. I have confirmed 
: aod BonnHun's accuuul by numcri'UB eipeiimenU. 
■ BuWk, Deuttch. Anh. /. ilin. Med., vo\. i. p. 24 : 1866. 
■CompsreBothoScbeabe, ArcK, /. Heilkundt, vol. xvi. p. 185; 1876. 
• Barlcli, loc. «'(., p. 28. 
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hy s fermentative process. If this happeas in tbe organs or 
within the urinary passages, gouty concretions and vesical 
calculi are formed. At any rat*, no increased fonnalinn of 
uric acid has hitherto beeu found in gout and in the uric acid 
diathesis. There is even less uric acid eliminated during an 
attack of gout.' 

Besides, there is the important fact that a large amount of 
hydrochloric acid is necessary' \n order to separate the oric 
acid from the urine for quantitative analysis, and that ereti 
then it separates very slowly and incompletely, and sometimes 
not at all, in spite of it« being present in abundance.' Tliis 
fact likewise ai^es that, at any rate, not all the uric acid is 
simply dissolved in the urine as a salt. 

The chemical constitution of uric acid has been the subject 
of investigation by a large number of eminent chemiats,' and 
its synthesis has been successfully accomplished. 

Among the numerous modes of decomposition of uric neid, 
which have been accurately studied, the following is of peculiar 
physiological interest, because the products obtained pla; sn 
important part in tbe animal economy. 

Strecker' showed that uric acid, when heated with concai- 
trated hydrochloric acid in a closed tube to 170° C, splits up, 
with hydration, into glycocol, carbonic acid, and ammonia : 

CiHiN.O, + 8H,0 = CH,( NH, )C00H;+ SCO, + SKH^ 

Strecker thought that uric acid would, while taking up onlj 

'Garrod, "The Nature nnd Treatment of Gout": London, 1459. i" 
tccoant of the lilemlure on gout ia given by Ebstein in liis inouograpb, " Pi" 
Natur und Behandlung der Gieht " ; Wiesbaden, 1882. 

> Th IB phenomenon ia probably Ki be ei plained hj the formation of iwliiblt 
compound of tbe uric acid irith urea. The oric avid can therefore only be f"- 
cipitsled when an amount of hydrochloric aeid hai been ulded equinlcDl U 
that of the urea. Compare G. Bunge, Sittungtb. d. NatvrfortcK. GtnU- ■. 
Dorpat, Tot. Tii., Appendix, p. 21: 1873; G. Rudel, Areh. f. exper. Att. «- 
Fharm.. »ol. in. p. 1 : 1892. 

'Sallcowski, PSuger'i Areh., vol. v. p. 210: 1872; Maly, ibid., toL ri.p- 
201 : 1873. 

*W6hler, Poggendorfl'a Annal., vol. xv. p. 119: 1820; Liebig, <W.. "1. 
IT. p. 569 : 1829 ; and Ann. d. Chem. u. Pharm,, vol. T. p. 388 : 1833 ; Wifcl" 
and Liebig, jlnn. d. Chmn. u. Pharm., vol. uvi. p. ^1: 1838; Adolf BteT^' 
jiid., vol. ciivii. pp. 1, 199: 1863; Strecker, JbiU, vol. extvi. p. 143: ll6S:»il 
vol. cIt. p. 177: 1870; Kolbe, ^Srr. d. dtutleh. ehtn. Get., vol. iii, p. 183; IW 
Among the lateat worki on the conatitution of orio sold may be ntentiUKit I> 
MedicuB, Ann. d. Chan. a. Fkarm., vol. cIut. p. 230: 1875; Hill, B". i- 
deulKh. cbem. Of., vol. ix. p. 370: 1870; and vol. li. p. 1329 : 1878: Hnrh»- 
Ecwalci, Sitiitng4bfr. d. Wien. Aiad., vol. liiivi. p. 963: I8S2; or Jfrno"' 
htfU /. Chan., vol. iii, p. 796: 1882; and vol. vi. p. 366: ISW; utd KmU 
Fiacher, Bit. d. dfuUch. chcm. Oft., vols, i., ivii. pp, 328, 1776: 18S*. 

' Strecker, Liebig's Annal., vol. cilvi. p. 142 : 1868. 
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two moleooles of water^ break up first into gljcocol and three 
iDoleooles of cyanic acid : 

C^EiNA + 2H,0 = CH,(NH,)COOH + 8C0NH. 

It is well known that cyanic acid, on coming in contact with 
water, is at once converted into carbonic acid and ammonia. 
1 may remind my readers that the watery solution of cyanate 
of potash effervesces with acids like a carbonate. 

Strecker therefore regarded uric acid as a compound 
analogous to hippuric acid. As hippuric acid is a glycocol 
conjugated with benzoic acid, so uric acid is a glycocol conju- 
gated with cyanic acid. 

The synthesis of uric acid, which Horbaczewski ^ successAilly 
accomplidied in E. Ludwig's laboratory in Vienna, exactly cor- 
xesponds to the decomposition observed by Strecker. Horbac- 
zewski obtained uric acid by melting glycocol and urea together 
at from 200® to 230® C. It is well known that, on heating 
urea, ammonia volatilizes and cyanic acid is formed : — 

/NH, 
GC=0— NH, = CONH. 

Thus if urea be melted with glycocol, nascent cyanic acid is 
allowed to act on the glycocol ; one decomposition product of 
the uric acid in a nascent state acts upon the other. This might 
d priori be expected to develop uric acid. 

The following physiological &ct observed by Wohler ap- 
pears to harmonize with ^ese results of decomposition and 
synthesis. Wohler ' found uric acid, but no hippuric acid, in 
the urine of sucking calves, so long as they consumed nothing 
but milk. But as soon as they passed on to v^etable food, the 
uric acid disappeared, and hippuric acid was substituted. 

It thus appears that the benzoic acid arising from vegetable 
diet seizes upon the glycocol and prevents the synthesis of uric 
acid. 

If this interpretation be correct, we should expect, by the 
addition of aromatic compounds, to be able to prevent the 
formation of uric acid in human beings as well. This might 
ev^i be of a therapeutic advantage in the treatment of gout. 
It is useless merely to give benzoate of sodium, as I have 
proved by many experiments. But here again it should not 

^ Horbaczewski, SitBungaber. d, Wien, Akad,, vol. IxzzTi. p. 963 : 1882 ; or 
MonaUh4^f, Chem,, vol. ill. p. 796 : 1882 ; and vol. yi. p. 356 : 1885. 

s Wohler, Naehr.d. k, Oei, d, Wwemeh. zu OoUingen, vol. v. pp. 61-64 : 1849. 
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be forgotten that it is not in our power to make the bensoi^ 
acid reach the proper point at the proper moment when tl^ 
glycocol, before its onion with the cyanic acid, could react wi% 
it. As already mentioned, the benzoic acid in v^etable food 
not generally contained as such, but is formed in the bo*.^ 
by tihe decomposition and oxidation of more complex cob.^ 
binations. It is quite possible that these latter are taken ^ 
by the cells in which glycocol occurs, while the boi^^ 
acid already formed is rejected. At any rate, it must jl 
remembered that to prev^t the formation of uric acid ^ 
gout would only affect the symptoms. It is impossible to 
treat the essential cause of tiie disease, because it is qofte 
unknown to us. 

With a view to obtaining further insight into the consdto- 
tion of uric acid, the products of its simultaneous decompoa- 
tion and oxidation have been investigated — ^products obtained 
by the action of oxidizing agents. These products are like- 
wise of great interest, because among them compounds occur 
which are also met with in the metabolism of the anioud 
body. 

A solution of permanganate of potash causes uric add to 
break up, even in the cold, into allimtoin and carbonic add:^ 

C,H,N,03 + O + H O = C,H;^,0 + COf- 

AUantoin was discovered by vauquefin' in the allaotoic 
fluid of the cow, was subsequently found by WShler* in calves^ 
urine as well, and was further investigated both by him and 
by Liebig.^ Later this compound was also detected in the 
allantoic fluid and in the urine of new-bom children, and oc- 
casionally in dogs' urine.* 

The further action of oxidizing agents upon allantoin * pro- 
duces urea and oxalic acid, and the latter ultimately, under the 
same influence, yields carbonic acid. 

If nitric acid be employed for the purpose of splitting up 
and oxidizing uric acid, urea and carbonic acid are again 
obtained as end-products. Compounds occur as intermediair 
products which, although they do not appear in the animil 

^ Glaus, Ber, d. deuUch, chem, Oes. d, Witsenteh, mu OdUingeny toI. t. pp. 
61-64: 1849. 

^ Buniva et Vauqaelin, Ann, de Chim,^ vol. xxxiii. p. 269, ann. yiii*.: 17W. 
Vide also Lassaigne, Ann, de Chim, et de Phya,^ vol. xvii. p. 301 : 1821. 

s Wohler, Nachr, d, k. Get, d, WUsemch, tu GoUingen, p. 61 : 1849. 

^ Wohler and Liebig, Ann, d, Chem, u, Pharm,^ vol. xxyi. p. 244 : 18S& 

^E. Salkowski, Ber, d, deutsch. chem, Ges,, vol. ix. p. 719: 1876; andfoL 
xi.p. 500: 1878. 

* For the synthesis and composition of aUantoin, vide Orimaux, Gmpl. rtni. 
Tol. Ixxxiii. p. 62 : 1876. 
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}oij, are of interest in so &r as they help to throw some light 
ipon the constitution of uric acid. Alloxan and urea are the 
irst compounds formed by the nitric acid in the presence of 
3old: 



C5H,NA-H0 4-H,0 = <?c) 
Uric acid. 




Alloxan. Urea. 



Alloxan^ when heated with nitric acid^ passes into parabanic 
ud carbonic acids : 




NH 00— NH 

00 + = 00,-1- CO 

NH CO— NH 



CO— NH 
Alloxan. Parabanic acid, or Oxalylurea 

The parabanic acid, with hydration, passes into oxaluric 
icid: 

CO— im ^^^ 

Parabanic acid. Oxaluric acid. 



The latter, by taking up a second molecule of water, breaks 
Qp into oxalic acid and urea : 

CONHCONH, COOH /NH, 

Oxaluric acid. Oxalic acid. Urea. 



Oxaluric acid occurs in the human urine ^ in minute 
quantities. 

The following formula, which was composed by Medicus ' 
ind confirmed by Emil Fischer* fix)m extensive observations, 

*Ed. Schonck, Proceed, Roy, Soc^ vol. xvi. p. 140: 1868; C. Neubauer, 
ZeiUehr, /. anal, Chem,, vol. vii. p. 225 : 1868. 

* Medicos, Ann, d, Chem, u, Pharm,^ vol. clxxv. p. 230 : 1875. 

* Fischer, Ber, d, deuUch, chem, Ges., vol. xvii. pp. 328, 1776 : 1884. 

20 
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agrees with all the decompoeitions of urio add we have 
described: 



Another synthesis of uric acid/ also discovered by Hoibio- 
zewski, agrees well with this stnictural formula. He foond it 
could be synthesized by fusing together trichlorlactic acid aod 
urea. 

As we have seen that uric acid is transmuted into urea aod 
carbonic acid by oxidizing agents outside the oi^anism, we 
should expect to find the same process going on within the 
organism, and that uric acid is one of the antecedents of orai 
If uric acid be introduced into the organism of a dog, it cet* 
tainly becomes almost entirely changed into urea.' Bat it hj 
no means follows that part of the urea normally formed ams 
from uric acid. This idea is frequently met with, and especiallj 
in pathological literature. It was thought that, in disturbanoes 
of external and internal respiration (such as affections of die 
lungs, anemia, etc.), an increase takes place in the eliminatkm 
of uric acid as a product of incomplete combustion. TUa 
supposition has not, however, been confirmed. Senator' ooold 
detect no increase in the excretion of uric acid in dogs, cats, 
and rabbits when respiratory disturbances were artificially in- 
duced ; nor could Naunyn and Riess ^ do so after venesections. 
Moreover the numerous accounts given of the increased elimina- 
tion of uric acid in human beings in consequence of respiratory 
disturbances, do not rest on exact observation. In the first 
place, investigators fell into the error, already alluded to, of 
inferring an increase of uric acid from an increase of sediment; 
and in the second place, they did not sufficiently take into con- 
sideration how much the formation of uric acid depends upon 
diet. It should be especially noted that a fasting, and particu- 
larly a febrile person — in whom it is well known that the pro- 

* J. Horbaczewski, MonaUhefte fur Chemie, vol. viii. pp. 201, 584: 1887. 

* Zabelin, Liebig's Annal, d. Chem, u, Pharm,^ Sappl., vol. ii. p. SS6: 16ffi 
and 1863. The views of earlier aathors on the conversion of uric acid into am 
will be found here. [It has been shown recently by Minkowski that a oollli<ie^ 
able amount of the nric acid is converted in the organism of the dog intoillu* 
toin, in which form it is excreted in the urine. Minkowski, Arch, /. exper,P9tk, 
u. Pharm., vol. xli. p. 376: 1898.] 

' Senator, Virchow's Arch,, vol. xlii. p. 36 : 1868. 

^ B. Naunyn and L. Riess, Du Bois' Arch,, p. 381 : 1860. 
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teid-decomposition is iccreased — behaves exactly like a person 
who lives on meat. The result* of all calculations bearing upon 
the elimination of uric acid in respiratory disturbances, and 
concerning the relation of uric acid to urea in these affections, 
vary within the Barae limits as they do in the case of healthy 
people. 

Increased excretion of uric acid has hitLcrto b«en proved 
only in the case of one disease, leukemia. Bartels' recounts 
that be found 4.2 grms. of uric acid in the uriue of a lenkemic 
patient during twenty-four hours, of which 1.8 grm. had crye- 
Callized out. O, Scbultzen ^ even found, in the urine of a case 
of leukemia during twenty-fonr hours, a sediment consisting of 
4.5 grms. of free uric acid and 1.4-i grm. of urate of ammonia. 
Such large amount* have never been observed in healthy 
people. In the cases of leukemia where the amount of uric 
acid does not exceed that of healthy people, the proportion of 
uric acid to urea is increased, frequently in the proportion of 
only 1*2 grms. of the latter to 1 grm. of uric acid.* Fleischer 
md Penzoldt' have made a careful investigation on this subject, 
rhey dieted a leukemic patient and a person in good health in 
precisely the same way ; they both excreted the same amount of 
iirea, but the leukemic patient eliminated daily an average of 
1.29 grm. of uric acid, while that eliminated by the healthy 
person amounted to 0.66 grm., or half as much. Carefiil exper- 
iments carried out by Stadthagen ' in Kossel's laboratory led to 
similar results. 

, This occurrence cannot, for the reasons already given, be 
ipferred to a diminution of oxygen in consequence of the de- 
Drease in red blood-corpuscles. It was therefore thought that 
the cause was to be sought in the enlargemeut of the spleen 
and in the increase of leucocytes. Uric acid is constantly 
found in the spleen, which has given rise to the idea that it 
is chie6y formed here. Enlargement of the spleen, however, 
xcnrs in other diseases, in intermittent fever and in typhoid, 
without any increase of uric acid that could be detected." Nor 
ODuld Stadthagen confirm the view that uric acid occurred in 
Bie spleen ; he could not detect even a trace of it in the liver 

>B»rteI'ii)nrf«A.-ircA./.H.n. Jfrd.,Tol.I.p.23: 1868. 
I 'SteiobM^, "UberLeukamie," Inaug. DiHcrt.: Berlin, I SflS. 
L »H. Roske. " Beobschtungen uml Versuche iiber die AusioheiduDg der 
bnUBilK," p. 27: Miitlcheii, 1R68 ; and Salkovski, Virehow's Are\., vol. I. p. 
)t': IH70: uid vol. lii. p. 66: IBTI. 
[ •ileiwher and Penzoldt, AruCieA. Arch. f. kltn. Med.,\o\. i»Ti. p. 368: 
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and spleen of either a leukemic patient or a healfliy perwn. 
It is possible that uric acid may be a product of the metalxilism 
of leucocytes, independent organisms which travel ihmugh 
our tissues, after the manner of ' symbionta.' Uric acid hae 
been observed to be the end-product of tissue-change in all 
kinds of the lower animals. In this connection it i^ note- 
worthy that quinine, which diminishes the ameboid move- 
ments of leucocytes, also lessens the elimination of uric 
acid.' 

Horbaczewski ' confirms Stadtbagen's statement that the 
spleen contains no uric acid. In the fresh splenic pulp of 
calves directly after death he could detect no, or oaly tte 
slightest trace of, uric acid. If, however, the fresh splenic pulp 
were allowed to stand with blood at the temperature of the 
body, considerable quantities of uric acid were formed,' [■.(/...H 
grm. from 100 grms. of splenic pulp in seven and a halfboure. 
This formation of uric acid also occurred if, instead of splenic 
pulp, an extract obtained by boiling the spleen with normal 
salt solution were used, and allowed to stand some hours witb 
blood at the body temperature. In this process oxygen i* 
necessarj', since only small quantities of uric acid are formed, 
if hydrogen be led through the mixture of splenic pulp and 
blood. If the splenic pulp be allowed to putrefy with waler 
at 50° C, xanthiu and hypoxantfain can be prepared from ihe 
waterj' extract. These bases however, like the uric acid, oould 
not be found by Horbaczewski pre-formed in the splenic pulp- 
Moreover they are not the precursors of uric acid since, as ie 
well known, they are not conTerte<l by oxidation into uric acid. 
We must assume that the xanthin bases and the uric acid art 
formed according to the varying conditions under which ili< 
experiment is carried out, from some common precursor. Tbis 
precursor is a substance derived from some nuclein compound 
of the nuclei of the leucocytes, and probably occurs in all other 
tissues which contain nuclein. 

The theorj- that uric acid is the result of imperfect respira- 
tion is n^atived by the simple fact that in birds, which of all 
animals have the most active respiration, the bulk of the 
nitrogen leaves the body as uric acid. The nitrogen may l>f 
introduced into the organism of the bird in whatever form VfU 

' Raoke, ioe. ett. ThU scoouat hai been unply coDfirmed, eapecUU]' ^ 
Prior's Ihoroufh inveatistaiioo, Pfluger'i Arch., vol. xxxiv. p. 237: ISM. Tiw 
whole lileralure will be fonnd faere. 

■J. UorhacieiTBki, SHiungib. d. Akad. d. WiuenM>i. m Wiai., Math.-ul- 
Kl.. rol. ipviii. pi. iii., July, 1839, »nd vol. c pt. iii., April, 1891. 

■Theac rvKulu hitve be«D confirmed b? P. OiacoM, H'tcn. med. BlaUff.So- 
33: ISW. 
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«8 an amido-acid ; leucin, glycocol. or aspartic acid ; ' as 
' as carboQate or formate of ammonia ; ^ as bypoxaDthin * 
I • — it iavariably appears in the urine as uric acid. 

We cannot even gu&ss in what way these nitrogenous com- 
I pounds take part in the synthesis of uric acid. For instance, 
I carbonate of ammonia alone cannot furnish material for the 
I £>rmation of uric acid ; a further compound, rich in carbon, 
I' and containing little or no nitrogen, is required. Either glyco- 
I ool or lactic acid would satisfy these requirements, but Dothing 
\ definite is known on this |>oint. 

It now only remains for us to consider where the uric acid 
I' IB formed. This is important from a physiological as well as 
I from a pathological point of view. Tlie most complete inves- 
I tigatJons upon this subject of recent times have been made by 
I'Schroder'^ and Minkowski." 

ESchroder succeeded, in Ludwig'e laboratory, in overcoming 
the immense difficulties encountered iu the extirpation of the 
kidneys of birds. Hens lived from five to ten hours after their 
kidneys had been either extirpated or detached from the 
otrcuktion by ligaturing the aorta and vena cava above the 
I kidney. In this time uric acid had accumulated in the organs. 
I A coosiderable amount of uric acid was obtained from the 
I heart and the lungs together with the blood in them, but none 
I from the normal organs, by the method adopted by Schroder. 
kHeoce it follows that the uric acid is not produced, or at any 
I rate not exclusively formed, in the kidneys of fowls. Experi- 
I ments in which snakes' kidneys were extirpated gave the same 
ults, only that here the amount of uric acid that accumulated 
8 larger, because snakes survive the operation for a rnuob 
longer time. They lived from five to nine days afterwards, 
and after death a large quantity of uric acid was found in all 
their oi^ans, but most abuudantly in the spleen. A consider- 
able amount of uric acid was obtained from the blood. Hence 
I also in snakes uric acid is not primarily formed iu the kidneys. 
The locality of the formation of uric acid in mammals has 
I Dot been experimentally investigated. At the same time, the 
I existence of small amounts of uric acid in the liver, lungs, and 



< Von EDieriem. ZeiUehr.f. Biolog., vol. xiii. p. 36: 1ST7. 
» Meyer and JaSf, Bcr. d. deuueh. ehem. Oa., Tol x. p. 1930: 1877. Vid« 
I *bo Cech, ibid., vol. i. p. 1401 : 1S77. 

'onSehnder.Zeitichr./.phgnol. CAem.. vol. ii. p. 228: 1878. 
f. von Mitch. Arch. f. txper. Path. u. /"Aarm., vol. iiiv. p. 389 : 1883, 
'oD Sirhroder, Dn Bn)g' Areh.. Sup,, p. 113: 1880; mid " Beilrage xu 
f niyriol., Carl Ludwig zu Kinem 70 Oebarlauige gewidmet von >einen3chulern,'' 
I p. TO : Leipdg, 1887. 

•Uiokoiviki, Arch./, cxprr. Path. u. Pharm.. vol. ill, p. 41 : 1886. 
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odier organs has been ascertained.^ The occorrence in gout ot 
large quantities of uric acid in the joints, tendons, and liga- 
ments, nnder the skin, and in other organs, without anj 
previoos disturbance in the functions of the kidney, seems to 
dMow that uric acid is not primarily formed in the kidneys in 
die case of mammals any more than it is in the case of birds 
and reptiles. 

Minkowski' endeavored to ascertain whether this procesB 
went on in the liver. He carried out his experiments on birds. 
The difficulties met with in mammals, in endeavoring to cut the 
liver out of the circulation, do not occur in birds, and there is 
no need in the latter to guard against the intense congestion 
in die portal system by establishing artificial communicatioo. 
Fortunately, such a communication has a natural existence id 
birds. Birds have a vascular system in the kidney similar to 
the portal circulation in the liver. There is a vena adveheDsin 
the kidney which brings to that organ the blood of the caudal 
vein, die iliac veins, and the veins leading from the pdvie 
organs. This vena advdiens communicates with the portal 
vans by means of Jaoobecm's vein. After tying the portal veb 
thcfefore, the blood firom the intestine can pass through tbe 
kidneys to the infoior vena cava, and no stagnation occors.' 
Minkowski therefore tried, by experiments on birds, to find 
out what influence the removal of the liver has upon dtt 
composition of urine. He made his experiments on geese, 
because these large birds yield a sufficient amount of urine for 
die purpose of analysis, and because they secrete urine in 
abundance afW removal of the liver. He operated upon as 
many as sixty geese, and in most cases, not only tied the 
hepatic vessels, but also completely extirpated the liver, except 
a very small remnant which he was obliged to leave in the 
imnH^iatp neighborhood of the vena cava, as in birds this 
latter passes through the liver. This remnant was destroyed by 
crushing. The animals thus operated upon mostly lived for 
more than six hours, and a few of them for twenty hours. Tbe 
large intestine was tied above the cloaca in order to obtain the 
urine in a pure condition. 

The reailt obtained was that the total nitrogen eUminated 
after the extirpation of the liver wns not greatly diminished ; 
it amounted to about finom one-half to two-thirds of the 



It of tbe litcntnre u giTen hj Schroder, Ihi Boia' Arch,, 
p. 14X For tke opposite Tiew of Btadthtgen, we the earUer reference. 

* M iMkewiki, tec e%L, and Arek. /. exper, FoUh, «. PAotm., toI. nxl p 
SH: 1893. 

'Starm, ^rdL/. «arpflr. F(uk. m, Morm., toL xix. p. 46: 1886. 
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quantity nonnaUy excreted by geese in the same time. On 
die other hand^ the proportion of uric acid to the total nitrogen 
in the urine was very different. In healthy geese the nitrogen 
eliminated as uric acid amounts to from 60 to 70 per cent, of 
the total nitrogen ; in geese after removal of the liver, only to 
finom 3 to 6 per cent. 

The relative amount of another nitrogenous constituent of 
the urine, ammonia, is altered in the reverse direction after 
extirpation of the Uver. The ammonia m the urine of normal 
geese amounts to fit)m 9 to 18 per cent, of the total nitrogen ; 
that in the urine of geese after extirpation of the liver, from 
60 to 60 per cent. 

From this Minkowski concludes that ammonia is a normal 
antecedent of uric acid, and that the synthetic conversion of 
ammonia into uric acid in the organism of birds can only take 
place if the liver is free to perform its ftmctions. Minkowski 
does not say that the liver is the locality of uric acid forma- 
tion. It is possible that the ftmctions of the liver are only 
indirectly called into play in the formation of uric acid in other 
organs. 

The following very important fact observed by Minkowski 
may be interpreted in this sense. A very large quantity of 
lactic acid was found in the urine of geese aft^er removal of the 
liver. Minkowski could not detect any lactic acid in the 
normal urine of geese, whereas aft^er the operation there was so 
large a quantity as to be equivalent to the amount of ammonia 
excreted, and sufficient to make the urine strongly acid. 

The extirpation of the liver is, therefore, in some way as yet 
inexplicable, followed by the appearance of large quantities of 
lactic acid, and the formation of uric acid being inhibited in 
any organ is perhaps only indirectly the consequence of the 
occurrence of the acid. We have already seen that acids check 
the formation of urea and increase the elimination of ammonia 
in the organism of mammals. Why may not acids have the 
same inhibitory effect upon the formation of uric acid in the 
organism of birds? In &ct, by administering sodium car- 
bonate, Minkowski succeeded in reducing the elimination of 
ammonia in a normal goose from 11 to 3 per cent, of the total 
nitrogen. 

I will only add that in diseases of the liver, and especially 
m acute atrophy of the liver, and in cases of phosphorus 
poisoning, large quantities of lactic acid have been observed 
in the urine.^ "Mky not the increased elimination of ammonia 
in cirrhosis of the liver (p. 295) be likewise referred to this 

^ ScholizeD and Biess, Ann. de$ Chariil-Krankenhausei, vol. zy. : 1869. 
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fiust? So fiu* as my knowledge extends, no detenninatuMiB have 
ever been made of the acidity of, and the lactic acid present in, 
the urine of persons suffering from cirrhosis of the liver. 

I will also take this opportunity of maitioning that the oc- 
currence of an organic acid (oxybutyric acid) and simultaneously 
an increased elimination of ammonia has sJso been observed in 
cases of diabetes mellitus.^ 

It may even be doubted whether ammonia is the normal 
antecedent of urea and of uric acid. It is possible that the 
nitK.gen, which under normal circumstanoeB splits off fiom tibe 
proteid molecule as a neutral compound, separates as ftfnmflnk 
under the influence of the abnormal acidjs. 

The facts observed by Minkowski may therefore be inter- 
preted in many different ways. Minkowski himself inclines 
to the idea that the bulk of the uric acid in the liver is 
normally formed by synthesis firom ammonia and a non- 
nitrogenous substance, and imagines this latter to be lactie 
acid.' Minkowski grounds this view on the probability of 
ammonia and lactic acid both having a common source in 
proteid. As already stated, he always found the lactic add in 
quantities equivalent to the ammonia. It increased in quantity 
with the amount of proteid in the food, and was independent 
of the addition of carbohydrates ; it increased ako under the 
same condition under which an increase of uric acid normally 
takes place. 

Of the numerous facts ascertained by Minkowski, I wooki 
emphasize the following : 

Besides the uric acid and the ammonia, which form the 
bulk of the nitrogenous compounds in the normal urine of 

' Hallervorden, Arch, /. exper. Path. «*. Pharm,^ vol. xii. p. 268: I8W; 
Stadelmann, ibid,, vol. xvii. p. 419 : 1883 ; Minkowski, ihid,^ vol. xviil. pp. S5, 
147: 1884; Kulz, Zeitschr.f. Biolog., vol. xx. p. 165: 1884; H. Wolpe. JftA,/. 
exper. Path. u. Pharm., vol. xxi. p. 138 : 1886. 

' The lactic acid found by Minkowski in the arine of geese whose lirni 
had been removed was the optically active sarcolactic acid. There are known to 
l)e three isomeric lactic acids: ethylene lactic acid [CHs(OH)CHsC00H] or 
hydracrylic acid, which has not been detected in the animal body, and the two 
ethylidene lactic acids [CHsCH(OH)COOH]. Of the two last, the lactictcidof 
fermentation, which is formed by the fermentation of sagar of milk in milk, ind 
by the fermentation of the carbohydrates in the intestine, is optically inictiTc; 
the other, the sarcolactic acid, is optically active, as it rotates the plme of 
polarization to the right. The latter is obtained from muscles (compare Lecture 
XXIII.), and is met with frequently in pathological products: in orine, in 
phosphorus-poisoning and atrophy of the liver, in osteomalacia, in the swett in 
puerperal fever, and in various pathological exudations. We owe the moil 
minute inquiries into isomeric lactic acids to J. Wislioenas {Ann. d. CAm.«. 
Pharm., vol. clxvi. p. 3: 1873; and vol. clxvii. pp. 302, 346: 1873), and to E. 
Erlenmeyer {ibid., vol. clviii. p. 262: 1871; and vol. cxci. p. 261; 1878). A 
summary of the literature on isomeric lactic acids is given in these works. 
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birds, there is always a small amount of urea. The nitrogen 
eliminated in this form amounts to from about 2 to 4 per 
cent, of the total nitrogen. The proportion of urea to the 
total nitrogen remained unaltered after extirpation of the 
liver. The urea in the urine of birds is therefore not formed 
in the liver. But of course this does not justify any con- 
clusion with r^ard to the locality of the formation of urea 
in mammals. 

If urea be artificially introduced into the organism of 
normal birds, the nitrogen of the urea, according to die experi- 
ments of Meyer and Jafi% already quoted, reappears as uric 
acid in the urine. Minkowski injected solutions of urea either 
sabcntaneously or into the stomach of his geese, after removal 
of the liver ; the urea reappeared in the urine unaltered. This 
fiKst also seems to warrant the conclusion that uric acid is 
formed by synthesis in the liver, but it is capable of being 
interpreted. I may express the hope that the arti- 
transmission of blood through the excised liver of birds 
may soon give a satis&ctory reply to this question. 

The &cts obtained both by Meissner^ and by Schroder' 
agree in showing that the amount of normal uric acid is always 
larger in the liver than in the blood of birds ; and they are 
moreover in harmony with the theory that uric acid, or at any 
rate a portion of it, is formed in the liver of birds. 

These experiments on birds do not permit of any conclusion 

being drawn as to the seat of formation of uric acid in mam- 

nals, and there are no grounds for assuming that the chief part 

f the uric acid in mammals is also formed in the liver. The 

ict that the excretion of uric acid is unaltered in cirrhosis of 

le liver is against such a view. 

In all the tissues of our body, and especially in the nuclei 
' the cells, there are small quantities of two bases rich in 
"logen, the empirical formula of which would lead to the 

idusion that they are closely related genetically to uric acid. 

nean xanthin and hypoxanthin, or sarcin.* They difier 

n uric acid only in their smaller amount of oxygen : 

Uric add CJH4N4O, 

Xanthin C5H4N4O, 

Hjpozanthin C5H4N4O 



leiMner, ZeiUehr,/, rat, Med.^ vol. zxzi. p. 144 : 1868. 
^. yon Schroder, "Beitrage zur Physiol., Carl Ludwig zu seinem 70 
itage gewidmet yon seinen Schulern/' p. 98, Leipzig : 1887. 
Pionrd, Ber. d. detUsch. chem. (?«., vol. vii. pp. 1714-1719: 1874; 
ZeUtehr, /. phynol. Chem., vol. vi. p. 422 : 1882 ; vol. vii. p. 7 : 1882. 
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As yet however no one has succeeded in transmating the three 
compounds into one another.^ The &ct8 that xanthin on oxi- 
dation yields alloxan and, when acted on by fuming hydro- 
chloric acid^ glycocoly seem to point to its having a constitu- 
tion somewhat analogous to that of uric acid.' 

But there is^ in close affinity to xanthin, a third compound, 
guanin' (CgHgN^O), which frequently occurs in the tissues 
together with xanthin and hypoxanthin, and, like these, is i 
decomposition-product of the nuclein of the cell-nuclei. This 
is converted into xanthin by the action of nitrous acid. 

More recently KosseP has discovered a fourth base rich 
in nitrogen as a constituent of the nuclei ; this he tenns 
ADENiN. It has the composition C^H^N. and is therefore i 
polymer of hydrocyanic acid, and is related to hypoxanthin m 
the same way as guanin is to xanthin. It is converted into 
hypoxanthin by nitrous acid. 

Only a very small quantity of xanthin is invariably present 
in human urine ; ^ in rare cases it may form vesical calculL 

Xanthin, hypoxanthin, guanin, and adenin, which are 
usually designated by the generic name of xanthin bases, un- 
doubtedly belong to the antecedents of urea or of uric acid.* 
They occur in too large a quantity in the tissues, and in too 
small a one in the urine, for it to be possible diat they are 
eliminated unchanged. Ouanin is, like creatin, a substituted 
guanidin. All the reasons which were adduced in favor of 
the conversion of creatin into urea are equally applicable to 
guanin. 

The xanthin bases are however not merely end-products: 
they are also initial products of metabolism, since they {om 
important constituents of the heads of spermatozoa. The 
chemical constitution of these bases acquires therefore consider- 
able physiological interest. Even if we are unable at present 

^Emil Fischer {Ber, d, deuUeh, chem. Oes,, vol. zvii. pp. 328,329: 1894) 
was unable to confirm Strecker's account that uric acid could be redaced to 
xanthin and hypoxanthin by nascent hydrogen, and that hypoxanthin coald be 
oxidized into xanthin by nitric acid. Vide also Kossel, ZeiUchr, /. phfiiol. 
Chem., vol. vi. p. 428: 1882. 

' For the composition of xanthin, see Emil Fischer, Ann. d. Chem, «. 
Pkarm., vol. ccxv. p. 253: 1882; Ber. d. deiUich. ehem, Oes., vol. it. p. 45J: 
1882; and Arm. Gautier, Compt. rend., vol. xcviii. p. 1523: 1884 (Syntheafof 
xanthin). 

'J. Piccard, loc. eU,; Kossel, Zemehr. f. phynol. Chem,, vol. vii. p. M' 
1882; vol. viii. p. 404: 1884. 

"* Kossel, ibid., vol. x. p. 250: 1886. 

* Nenbauer, ZinUchr. f. analyt, Ctum., vol. vii. p. 226 : 1868. 

* Vide Stadthagen, Virchow's Areh., vol. cix. p. 390 : 1887. An aooooDt of 
the literature on the xanthin bodies, and the part Uiey play in the fbrmitioo of 
uric acid, is given here. 
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to mj anything oonoeming their fiinctiony we must expect that 
llie knowledge of their properties will in the near future open 
ixp a whole series of important questions. According to the 
most recent researches of Emil Fischer, the constitution of the 
xanthin bases may be represented as follows : 

HN— CO HN — 00 

00 P — NH HN = C V — ^ 

HN— 0—N'^^'^ HN— 0— N'^^'^ 

Xanthin. Gnanin. 

HN — 00 N = C — NH, 

HjpoiBnthin. Adenin. 
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THE FUNCTIONS OP THE KIDNEYR, AND THE O0MP06ITI0K 

OP THE UBINE 

In the last lecture we became acquainted with the end- 
products in which the bulk of the nitrogen leaves the bodj 
through the kidneys. The elimination of the nitrogenous end- 
products of metabolism is not, however, the sole fiinction of the 
kidneys. To the kidneys is assigned the duty of mniiitaifiing 
the composition of the blood invariable, of rejecting from the 
blood everything that does not belong to it normally, whether 
an abnormal constituent or a normal one that has increased 
beyond its normal amount. 

This function is usually ascribed to the epithelial cells of 
the renal tubules, although it appears to me that it might wiA 
equal justice be referred to the c^ls of the capillary walL T^iat 
is no reason for assuming that the capillary wall plays a passive 
part in the process of secretion. We know that it consists of 
cells joined together like mosaic work, and that each of these 
cells is a living unit, an organism by itself, to which we are 
d priori justified in ascribing as complex functions as to the 
epithelial cells of the tubules. 

The cells of the capillary wall and those of the epithelioffl 
perform the work of rejecting the substances which do not 
normally form part of the composition of the blood, and diis 
they do without r^ard to the laws of diffusion and endo^- 
mosis or to the conditions of solubility. They eliminate 
everything useless or superfluous — crystalloid and ooUokl 
substances, both soluble and insoluble, both alkaline and 
acid. 

Sugar and urea are both easily soluble in water and readilj 
difiiisible; they are both always circulating with the blood 
through the renal capillaries. Sugar, which is an importuit 
food-stuff*, is retained ; urea, which is an end-product, is excretoi 
The purpose is manifest, though we are unable to explain the 
reason. It does not at present admit of a mechanical ex- 
planation. If the sugar exceed the normal quantity, it is 
secreted. 

816 
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Proteids form the main constituents of blnod-plasma ; but 

tliey are never allowed to pass by a healthy epithelium. The 

normal proteids of the plasma appear in the urine only when 

■ttie renal epithelium has undci^ne pathological alteration, or 

IB been impaired by impeded circulation of the blood and by 

B arrest of the supply of oxygen.' But tlie normal proteids 

r the plasma cannot pass the normal and well -nourished 

ipithelium ; and this not by reason of their colloid nature, for 

B soon as a protcid that (Joes not belong to the normal con- 

B''8tituents of the plasma, such as egg-albumin or a solution of 

casein, is allowed to enter the blood, it reappears in the urine," 

This applies not only to colloid substances, but al.so to such as 

are absolutely insoluble and immiscible with water, which are 

^DBOioved by the activity of the cells into the commencement of 

^Hbe renal tubules, if they do not belong to the normal con- 

^Wituents of the blood. Among these we may mention foreign 

^|kttT matters (cod-liver oil), superfluous cholesterin, resins, and 

Ke'like. 

^B If the blood becomes too alkaline, as it may by conversion 
^of vegetable salts of alkalies into carbonates, the renal cells 
separate the excess of these carbonatos from the blood. If the 
alkalescence of the blood be diminished — perhaps by the 
liberation of sulphuric acid and phosphoric acid, caused by the 
decomposition of proteids of nucleins and lecithins — the renal 
cells take up the neutral salts of the blood, separate them into 
acid and alkaline, convey the acid salts into the urine, and the 
~ Tkaline back into the blood, until the normal alkalini^ is 
rtored. 
The epithelial cells are of very varying form and size in 
piffercnt parts of the urinary tubules. This renders it probable 
Bt different portions have different functions to perform; 
lat only certain constituents of the urine are eliminated by 



> UeideDbaiD in Henniknn'B " Uandbuch der PbjBiol.," vol. v. pt. i. pp. 337, 
: heipag, 1853. 

'J. Poreter, ZriUehr. f. Biolog., vol. li. p. 52fl ; 1875. In thin paper the 
riier ¥iewB of BernRrd, Lehmaun. Stokvis, and Creilu are uieutioned. See 
* *r R. Nt-mneisler, " Zor Frage narh dem Scliicksal der Eiweissuiihrnng im 
Ditmta," Sittun^itbtr. d. pbys. mrd. Gts. t. Wunburg: 1S89. Alburoinuria 
rs aa s Bjmptom of so many and varioua diaeaBCB, and can be caused in so 
y diSerenl ways Ibut a discUiBion of the subject ii best left lothe pmhologiBt. 
M present cbemiBtry can contribute tittle to the explanation of albuminuria or of 
ita retalion to the other Bymptoms of tbe diieaws in which it occura, A con- 
nected Bceount of our preaent knowledge of the aubjeet baa been given by H. 
^nSoialor. " Die Albuminuric In pbyBiologincher u. klinischer Bcziehang u. ihre 
HStlwndtung," Sd ed., Berlin : 1S90. For tbe metbod« of detection of pniteid iu 
^^Etine, I wonid refer the render to tbe well-known " Iltindbuch d. pbyBiolo)(iach- 
^^E pathologiach-DbeniiBChen Analyse" by Hoppe-Seyter. 
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one party and different ones by another. It is known as a fiMSt 
that the coloring matter, carmine, when it gets into the blood, 
is excreted by the Malpighian bodies/ whereas indigo' and 
bile pigments' are excreted by the convoluted tabmes and 
Henle's loops. In birds, uric acid is found only in the 
epithelium of the convoluted tubules, never in other parts.* 
The purpose of this arrangement is evident: were the uric acid 
to be excreted by the Malpighian bodies, it might remain 
there and form concretions ; whereas the crystals eliminatirf by 
the convoluted tubules are being constantly washed down by 
the fluid secreted by the glomemli. 

The structure of the glomeruli is very puzzling, and is seen 
in no other gland. The widening of the arteries into tbe 
capillary system, and their reunion to form an effer^it vesBd, 
which is narrower than the afferent one, appear to be arranged 
for the purpose of slowing the blood and of increasiiig die 
pressure. But we are at present incapable of ev^i suggesting 
a theory as to what significance this precaution has in the 
formation of urine, and as to what constituents are formed or 
eliminated in the glomeruli. It has not been found that blood* 
pressure has any influence in any part of the body upon the 
quantity and quality of the transudation formed.' 

It has hitiierto not been proved that the nervous system 
exercises any direct influence upon the epithelial cells of the 
kidney, as it has been ascertained to exercise in the case of the 
salivary glands, and as is also probable in the case of the 
remaining glands of the digestive apparatus. The r^al nerves 
appear only to act upon the vessels. This difference might 
d priori have been expected. The digestive glands form thdr 
secretion from the normal constituents of the blood. Hie 
impulse to greater activity of the epithelial cells cannot 
therefore proceed from the blood, but from the alimentaiy 
canal, where the need of more secretion makes itself felt ; thu 
necessitates the intervention of nerves. The kidneys behave 
differently ; for the impulse to increased activity of the reoal 
cells must proceed from the abnormally increased constitaentB 



^ Chnonaczewski, Virchow't ^reA., vol. xxxl. p. 189: 1S64; Wlttidi, iftA. 
/. mikrotk, Anat., toL xi. p. 77 : 1875. 

* Heidenhain, ibid,, yol. z. p. dO : 1874 ; Pflager't Arch,, vol. ix. p. 1 : 1875. 

* Mobiat, Arch. /. Hfilk,^ vol. xviii. p. 84 : 1877. 

♦Wittich, Virehow'i Arch,, vol. x. p. 325: 1866; Zaletky, "Unt ibwdfi 
aramischen Proce« und die Function der Niere," p. 48: Tubinfen, 180; 
Meisaner, Zeitschr.f, rat, Med. (3), vol. xxxl. p. 183: 1867. 

* Vide Paschntin, " Arbeiten warn der phjnologiichen AnsUlt wa Leipsf," 
p. 197 : 1872 ; and Emminghans, ibid., p. 60 : 1873. [See however remarb ii 
note on p. 218.] 
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of the blood, to remove which is the duty of the kidneys. 
This does not necessitate any nervous apparatus.^ 

We should d priori expect that the kidneys would be all 
the more active, die more substances there were in the blood 
to be excreted, and the greater the amount of blood flowing 
through the kidneys in a unit of time. All the facts observed 
agree with this view. Whatever enlarges the lumen of the 
renal vessels and increases the rapidity of the blood-current, 
such as section of the splanchnic nerve and stimulation of the 
qpinal cord, also increases the quantity of urine secreted. 
Whatever causes contraction of the vessels and diminishes the 
rapidity of the current, as stimulation of the splanchnic, 
mechanical narrowing of the renal artery, or section of the 
cervical spinal cord, also diminishes the urine. There is at 
present no ground for assuming that the blood-pressure in the 
renal vessels has a direct influence upon the secretion of urine. 

From these observations on the functions of the kidneys, 
it follows that the composition op urine must necessarily be 
a very varying one. Besides the nitrogenous end-products, 
the amount of which chiefly depends upon the proteid intro- 
duced and undergoes great fluctuations, the urine always contains 
the inorganic salts which remain over from the decomposition 
of the organic food-stufi^s, as well as sulphuric and phosphoric 
acids, which proceed from the oxidation and splitting-up of 
the proteids, nucleins, and lecithins ; and finally we find in it 
certain products of metabolism — ^notably aromatic compounds 
and oxalic acid — ^which are oxidized with difficulty and which 
contain no nitrogen. Besides the substances which occur in 
large quantities and have been subjected to careful investiga- 
tion, there are numerous other substances in the urine which 
are scarcely known, as they occur in such small quantities. 
There is also a large class of substances which only appear 
occasionally imder certain normal and pathological conditions 
that are little known ; and lastly, we meet with substances of 
all kinds which have been accidentally introduced either with 
fi>od or as medicines, and which have not been destroyed in 
the body. 

In order to give an idea of the composition of normal urine, 
two analyses are appended, which I carried out on the urine 
of a young man in good health, both when on animal and on 
v^etable diet.' An estimate was made of almost all the con- 

* Vide W. von Schroder, " Ueber die Wirkftng des Caffeins als Diureticum," 
Arch,/, exptr. Path, u, Pharm., vol. xxii. p. 39: 1886. 

' The nteratare of physiology, so far as I know, affords no analysis of urine 
in which aU the more important constituents were determined in the same 
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stitueDts of the urine which normallj oocar in any qnantiQr. 
After two days' exclusive diet of beef, the urine was collected 
on the second day. The beef eaten was roasted with a little 
salt, the only beverage being spring water. In the second 
case the urine was also collected on the second day, after an 
exclusive diet of wheat-bread, butter, a little salt, and sprii^ 
water. 



Composition of Twenty-Four Houbs' Urine After a Diet of— 

Meat. 
Total amount 1672 ccms. . 



67.2 



1.398 
2.163 
3.308 
3.991 



Urea 

Uric acid 

Creatinin 

K,<) 

Na,0 

CaO 0.328 

MgO 0.294 

CI 3.817 

80.» 4.674 

PA 3.437 



grms. 



1920 i 


c.cma. 


20.6 


K™»- 


0.253 


u 


0.961 


It 


1.314 


it 


3.923 


tl 


0.339 


l< 


0.139 


tl 


4.996 


tl 


1.265 


tl 


1.658 


11 



Both urines had a strong acid reaction. If we calculate the 
equivalent of the strong acids and bases, we find that in both 
the sulphuric acid and the chlorin suffice by themselves to 
neutralize all inorganic bases : 



3.308 K,0 
3.991 Na,0 
0.328 CaO 
0.294 MgO 



1.314 K,0 
3.923 Na,0 
0.339 CaO 
0.139 MgO 



2.177 Na,0 
3.991 Na,0 
0.364 Na,0 
0.465 Na,0 

6.987 Na,0 

: 0.865 Na,0 
: 3.923 Na,0 
: 0.376 Na,0 
: 0.216 Na,0 

5.380 Na,0 



3.817 a 

4.674 SO, 



4.996 a 
1.265 80, 



3.337 Na,0 
3.622 Na,C 

6.959 Na,0 



4.368 Na/) 
0.980 Na,0 

5.348 Na,0 



But, in addition to the sulphuric and hydrochloric adds, 
the urines contain also considerable amounts of phosphinric 
and uric, besides some hippuric and oxalic, acids. It would 
therefore follow that they contain free mineral acids, had not 
the organism the means about to be detailed of preventiDg 



Bpecimen. I therefore venture to communicate these analyses, which were xader 
taken on the occasion of certain experiments relating to metabolism, and whicb 
have not yet been published. 

^ The entire amount of, including the coi^ugated, sulphuric acid, wi> 
determined. The urine was boiled with hydrochloric acid and chlorid ci 
barium. 
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B of free strong acids in the urine. In the first 
place, there is the formation of ammnnia. In the above 
analyses the ammonia has, nn fortunately, not been determined. 
Normal nrine generally contains from 0,4 to 0.9 grm. In 
order t4i convert the l.fiG grm. of phosphoric acid into the acid 
ammonia tfalt, exactly 0.4 grm, of NH, suffice; 0.8 gnn. of 
ammonia are equivalent to 3.44 grms. of phosphoric acid. A 
seeond mode of diminishing the acidity of the urine consists in 
a portion of tlie dibasic sulphuric acid being converted into a 
monobasic acid by union with aromatic compounds. 

Normal urine becomes alkaline only after a vegetable diet 

containing potash salts of combustible acids. These are 

largely present in acid fruits and berries which contain the 

acid potash salts of tartaric, citric, malic, and other organic 

acids. After combustion of the acids, the potash appears in 

urine as a carbonate. The urine exhibits a strong alkaline 

reaction, and effervesces on the addition of acids. Potatoes 

cause a strongly alkaline urine, because they contain little 

proteid and therefore little sulphuric acid ; on the other hand, 

they contain much malate of potash, which is converted into a 

Hcvbonate. The most important articles of vegetable diet, the 

^Bereals and the leguminosip, yield urine which is as acid as 

^^bat due to a diet of meat, because they are rich in proteid and 

. phosphates. 

These observations afford some hints as to the diet of 
persons who are predisposed to the formation of uric acid, 
gravel, and concretions in the bladder. I have already shown 
that we are not fully acquainted ^vith all the conditions of the 
precipitation of uric acid ; but we do know that the acidity of 
(the nrine has to be considered as well as the amount of uric 
eid. Patients should be forbidden food rich in proteid, and 
■ in bases which are able to neutralize the uric and sul- 
furic acids formed from the proteid. Cheese appears hy me 
I this respect tlie most injurious article of food. In making 
jfaeese, tiie basic alkaline salts pass into the whey, and the 
on undergoing combustion in the organism, yields 
rge quantities of uric, sulphuric, and phosphoric acids, which 
i not sufficiently neutralized by bases. In certain parts of 
izony, as in Altenbnrg, where tlie people eat a great deal 
' cheese, uric acid calculi are said to be very common.' 
alculus is rare in Switzerland, although cheese is also an 
taiportant article of diet there, probably for the reason that a 

i,SUivngiber.deT Oei. /.Xaturund Hcitkvndf lU Drfsden, p. 56: 
; W. EbM«in [" Die Nnlur tmd BeliBDiilung der HarDBUiDe," pp. 115-166; 
iMbaden, 1B84) gives a hiU account of the geognphical distribatioii of olcali. 
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considerable quantity of fhiit is eaten at the same time. The 
ingestion of salt meat and salt fish also causes a veiy acid urine 
containing much uric acid, because, in the process of salting, the 
basic salts (basic phosphates and carbonates of the alkalies) pass 
into the lye, and are replaced by neutral chlorid of sodium. 
Russian physicians have informed me that in certain districts of 
their country, the people living mainly on salt fish frequentlj 
exhibit uric acid calculi. If it be desired to prevent the forma- 
tion of uuic acid sediments, or to dissolve concretions that are 
already formed, by the administration of alkalies, it is more 
sensible to advise the use of fruits and potatoes than to order 
alkaline mineral waters, the continued use of which may produce 
disturbances which we are unable to estimate. Because the 
combination of uric acid and lithia is more soluble in water 
than its combination with soda or potash, it has been thought 
necessary to treat the uric acid diathesis with a few decigrammes 
of carbonate of lithia, or even with mineral waters containing 
one centigranmie of lithia to the liter. This naive idea simplj 
implies ignorance of Berthollet's law. We know that, in sola* 
tions of bases and acids, every acid is distributed to all the 
bases in proportion to their quantity. It follows that only the 
very snudlest portion of uric acid will combine with the lithii, 
the largest proportion combining with the preponderating quan- 
tity of soda, which we introduce as chlorid of sodium. The 
laj^est proportion of lithia will reappear in the urine, united 
with the chlorin of the chlorid, with sulphuric and phosphoric 
acids. There will be no increase in the solubility of the uric 
acid. 

It is well known that under pathological conditions arine 
may become alkaline, by the conversion of urea into carbonate 
of ammonia. This change always takes place when urine has 
been exposed to the air for some time, and is efiected bj 
certain forms of bacteria.^ If these organisms reach tk 
bladder, the conversion may b^in there; the urine becomes 
alkaline, and the alkaline earths, which were held in solution in 
the acid urine, are precipitated as phosphate of lime and triple 



» p. Oatcn^aTe et Ch. Liron, Oompl. rend,, vol. Lxxxt. p. 571 : 1877 ; B. von 
J»k»eK Zfiuc\r.f. pkptioi. Ch^m., toL t. p. 395 : 1881 ; W. Leabe, fHixungtkr. 
u, pS%*. w-^i. .Swio. :u Erianffm, Nov. 10. 1884, p. 4; and Virchow's Arch.,riilt 
p. r^-k^: lSx>. The ferment mar be extracted from the bacteria, but daring lilt 
they do not yield it to the sanoandini; floid (Moacalas, Comp/. rend.^ toI. IxzriiL 
p. K'^: : 1S:4 : and Pfluger** Jrr*.. toI. xii. p. 214 : 1876 ; A. Sheridan Lea, Jiwf*. 
a/ Phyri-\. Tv»I. ri. p. l$6: lSSo>. It appears therefore that in the conTerrion 
of un*a ist.^ c-jirboaaie of ammv-tnia. chemical potential energy is conrertcd into 
kinetic enerj^r. ^nd this kineac ener^ is osed in the rital processes by tilefe^ 
mentaiire oqpoiisms. 
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pbo^hate of magnem. Id this way urinary calculi may be 
tonaed. 

We have now become acquainted with all the ingredients of 
any importance constituting normal urme. Of the innumerable 
substaucea which, besides these, are found in email quantities, I 
will describe a few, so far as we have any definite knowledge of 
their origin and significance. 

First, the coloring matters. Physicians have long ob- 
served the remarkable differeDces in the color of urine under 
various normal and pathological conditions, and have tried to 
Ijvail themselves of these differences for diagnostic purposes. 

! numerous endeavors to isolate the coloring matters and 
) study their properties led to no results, because the quan- 
lity was always too small. We have therefore been obliged 
I content ourselves with applying Greek and Latin names 
D these numerous pigments, with wliich I will not trouble the 
""Kader, exceptmg with regard to the only one of which we 
know the composition and mode of origin. I refer to urobilin, 
which was discovered by Jafffi.' He found this reddish brown 
ooloring matter constantly in normal urine, and in increased 
quantities in febrile urine. Its absorption -spectrum and the 
green fluorescence which its ammoniacal solution assumes, 
especially after the addition of chlorid of zinc, are charac- 
teristic. The composition of this pigment, which can only 
be obtained in ver>- small quantities from urine, would not 
have been known had not Maly* succeeded in producing it 
utJGcially by the action of nascent hydrt^en upon bilirubin, 
the chief coloring matter of bile.* This fully explains the 
invariable presence of urobilin in the contents of the intestine, 
as we have seen that nascent hydrogen constantly acts there 
Dpon the bile-pigraent. Human feces are colored brown chiefly 
by urobilin, and rarely contain any unaltered bile-pigment, 

is quite possible that the urobilin occurring in urine is 

I derived from the intestine, though we are not forced to 
Biis assumption, as urobilin might also be formed in other or- 
II matter of fact, Jafi% found urobiliu in human bile. 
noppci-Seyler ' has since shown that urobilin may also be 



: &Dd Ceatraibl. f. d, moi. 

m. 

\al.d.Clum.. 



I. Jiffs, Virchow'* Arch., vol. ilvii. p. 405 : ISt 
i«m«fi.,p. 241: 1868 -, p. 177: 1869: and p. 4fi5 : 

•R. M«]y, CriKroiii./. rf. m«l. »'i«™«-A., No. 54: 1871; 
1. clxiii. p. 77: 1872. 

* pt has been shown bj Gitrrod and Hopkini ( Jaurn. Phytiol., vol. IxiU. p. 
; IS87I that in apilc of the cIok limilariCjin pbyBiral oliar&clera. the nrobilin 

|f urine and fecea baa ■ diflfereot constitution to that of the bydrobili robin of 
Whereaa the latter t^onlaina about 9 per cent, nitrogen, urobilin only 
Mtaina about 1 per cent.] 

* Hoppe-Seyler, Ber. d. ■UuUch. ehen. Ga., vol, *li, p, 1066 : IS74. 
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fonned by the action of nascent hydn^en upon hematiii. We 
thus arrive at a simple genetic connection between the thrw 
coloring matt«rs : ' 

Hematin C^^NjO.Fe 

BUinibin "iH.N.O, 

Urobilin [or, rather, hydrobilirubin] C^H^^N.O,; 

Iin>iQO* is generally r^arded as belonging to tLeorinuy 
coloring matters, although it does not occur as such in urint, 
but as a colorless comjmund, as an alkaline indoxyl-«Dlpliite.' 
If concentrated hydrochloric acid, with an oxidizing agent lite 
chlorid of lime or bromin water, be added to urine, die con- 
jugated sulphuric acid is split up, and the indoxyl b oxtdiud 
into indigo : M 

2C,H.NKSO, + 0, = C„H,^,0, + 2HKSO4 ^1 

Indoxyl-flulphste of potash. Indigo blue. ^^M 

The amount of indigo thus formed is generally very BmiU, 
but is seldom entirely absent from human urine. On shaking 
the coloring matter with chloroform, a beautiful blue solution 
is obtained. 

We are not in doubt as to the origin of indigo in the auirnil 
body, since we know that indol, which is the basis of the entire 
indigo-group, is obtained by bact«rial putre&ctton of proteid, 
and is uniformly foimd in the intestinal contents.* The trab- 
sorbed indol is oxidized in the tissues into indoxyl. This prnc«£S 
is completely analogous to the conversion of benzol by exit' 
into phenol. 

C,H,N -}- = C,H,(OH)N 
Indol. Indozjl. 

Indoxyl combines, like most of the aromatic hydroxyliifJ 
compounds {phenol, cresol, pyrocatechin, etc.), with sulphuric 
acid, undergoing dehydration (p. 256). Jafiffi* showed that, 
after the subcutaneous injection of indol, the conjugated indoiyl 
compound reappears copiously in the urine. 

' Thii geDctic connection is more fnllj diecaued ic 
as tbE appeiiTSDU^ of blooit and bile-pigmenta in the 
oooditions. 

* On the aynthfuis and chemical conititntion of indigo, n'ii<! A. Baejrer, B" 
d. dntuch. chan. Gti., vol. liii. p. 2354 : 1880; and vol. liv. p. 1741 : 18SI. 

' E. Baumaon and L. Brieger. ZeiMcAr. /. phj/tiol. Chan., vol. iii, p. &: 
1879. The older literature on the indiKO-rormiDg mbBtance of the ariat ii 
appended. 

*8. Radziqewaky. DnBois' .^reA., p. 37: 1870; W. Kuhne, Aer. d. dAMii. 
ahem. Oa..to\. viii. p. 20B: 1875; Neocki, ibid., vol. viii. p. 3St: 1875; Sll- 
kowikl, Zeittckr. f. pkytiol. Chen., vol. viii. p. 417 : tuid T«l. IxxU. p. 8: IM 

*U. JtSt.Vircboyi-M Arch., TOl.ixx. p. 73: 1877. 
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cases of iDtesdnal obstmctioD i 

I compound has been found in 

s that this occurrence of lai^e quantities of indigo might 
be utilized for diagnosis, by enabling us to determine in which 
section of the intestine the obstruction had taken place. JaSh 
has shown, for instance, that the increase in the secretion of 
indoxj'l occurred in dogs after ligature of the small, but not 
after ligature of the lai^, intestine. This is explicable from 
the fact that proteid, which yields the material for the formation 
of indol, ia absorbed before reaching the large intestine. When 
the small intestine is ligatured, the proteid stagnates and under- 
_ s putrefaction. Corresponding with this, JafiiS has observed 

Ian increased exeretioo of the indoxyl compound in man occur- 
Ting only in obstruction of the small, and not in fecal ob- 
struction of the lai^e, intestine. This ia ezpl^ned by the 
feet that the proteids, which furnish the indol by their putre- 
Jaction, are all absorbed before they reach the large intestine. 
Similarly Baiimann lias observed an increased excretion of the 
indoxyl compoimd in men in cases of obstruction of the small 
intestine, but never in cases of fecal obstruction of the large 
intestine. 

All the other aromatic compounds which occur in the urine 
as ETHEREAL SULPHATES arise, like the indol, from putrefaction 
of proteid in the iutestiue. Bauraann ' has shown that if a 
d(^B intestine is cleared out and disinfected by the administra- 
tion of calomel, the ethereal sulphates entirely disappear from 
^ the urine. If, on the other hand, the putrefactive processes 
the intestine are increased by neutralizing the antiseptic 
' hydrochloric acid of the gastric juice by the administration 
of calcium carbonate, we get an increased amount of the 
ethereal sulphate in the urine.' We thus see that an estima- 
tion of these acids in the urine may be of great value a^ 
a means of diagnosis, since we gain an insight into the intensity 
of the putrefactive changes in the alimentary canal. Thus, for 
example, if it be wished to disinfect the intestine previous to 

I resecting it, we can determine when this is effected, by noting 
the time when the ethereal sulphates disappear from the 
urine.' 
The question now arises : where and in what organs does 
hatg- 



li 



' E. Baumsjii], " Die aromatiftchen Verbindungen im Hame und die Darm- 
I RviaiMt." ZeilK\r./.phgtiBt. OA^m., vol. x. pp. 128-133 : 1886. We purticalarly 
I Mcommciid thia short and lucid Btatemeot or Baumaim'd lo the Btuclent. 

■ A. KaM. " Ueb. d. quantitative BtmeBBung der antift^ptischen Letatung del 
_enMtflea," " FeaUchr. t. EruOaung d. ueuen allg. KraakenliaDns lu Uam- 

I'tnrK-Eppendarf ": 1SS9. 

■ A. Kut UDd H. Baaa, Jliinclicntr mcJ. Wockeiuehri/l, No, 4: 1S8S. 
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J 

the conjugation of the aromatic oompoondsy fonned in the in- 
testine, with sulphuric acid take place? This much is certain, 
that it does not primarily take place in the kidney, for after 
the administration of phenol, phenolsulphuric acid is found in 
the blood.* 

Phenol is a violent poison, but the phenolsulphate does not 
exert toxic effects. Baumann therefore recommends sulphate of 
soda as an antidote to phenol-poisoning. He found that when 
phenol was applied to a dog's skin, the animal bore the poison 
better and yielded more phenolsulphuric acid, when at the same 
time sulphate of soda was administered. This would not be in- 
telligible if the combination primarily occurred in the kidney. 

Baumann found a much larger amount of ethereal sulphates 
in the liver than in the blood. This renders it probable that 
the synthesis occurs in the liver ; that the poisonous aromatic 
compounds reaching it from the intestine are here subject to a 
transformation into innocuous combinations before entmng the 
general circulation (vide Lecture XVIII.). 

As yet we have only become acquainted with two sorts of 
compounds of sulphur as constituents of the urine : the salts of 
the ordinary dibasic and of the monobasic conjugated sulphuric 
acids. The quantity of sulphuric acid occurring in the latter 
form in human urine averages one-tenth of the amount of ^^ 
ordinary sulphuric acid.' But there is a much larger number ^ 
of sulphur compounds in the urine. If urine acidulated with ^ 
acetic acid is precipitated with chlorid of barium, the ordinary 
sulphates are precipitated. If we now boil the filtrate, rendered 
strongly acid by the addition of hydrochloric acid, the ethereal 
sulphates are broken up, and this portion of sulphuric acid may 
also be precipitated as a salt of barium. If this filtrate is no 
evaporated to dryness and fused with saltpeter, we again ob 
a considerable amount of sulphuric acid. This third group o^^f 
sulphur compounds contains from 10 to 20 per cent, of all th^^^e 
sulphur excreted in human urine. In dogs and rabbits, th^^^e 

quantity of these organic compounds of sulphur is much larger. ^ 

Let us now consider what is really known about these organic 
sulphur compounds, and their relation on the one hand to 
teid, and on the other to sulphuric acid. 

^ Baumann, Pfluger's Arck.^ vol. xiii. p. 285 : 1876. 

« R. V. d. Velden, Virchow's Areh., vol. Ixx. p. 343 : 1877. 

> See Voit and Bischoff, *' Die Gesetze der Ernahnmgdet FleiBchfreMen, 
279: Leipzig, 1860; Voit, ZeiUehr. f. Biolog,, vol. i. p. 127: 18S6; voL x. n 
to p. 216: 1874; Salkowski, Virchow's Arch,, vol. Iviii. p. 460: 1873; Knnki 
PflugeWs Arch., vol. ziv. p. 344: 1877; R. Lupine, Qu^rin et Flavmrd, jBewe 
MM^ne, vol. i. pp. 27, 911 : 1882 ; St. Boadzynski and B. Gottlieb, Cenitralhl^ 
d. mcd. Wissensch,, No. 33 : 1897. 
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It is not much we know, but we will endeavor to collect 
and review the fragments of our knowledge. 

We are compelled to assume at least two atoms of sulphur 
in a molecule of proteid, one oxidized and the other unoxidized.^ 
If we heat proteid with potash, one sulphur atom goes to 
form sulphid of potash, the other forms sulphate of potash. 
The former may be easily recognized on boiling with an 
alkaline solution of lead oxid when it is precipitated as lead 
sulphid. The proteids such as casein, the proteid moiety of 
hemoglobin or l^umin, which are poorer in sulphur, do not 
give this reaction. Among the organic decomposition-prod- 
ucts of proteid in the animal body, we meet with the oxidized 
atom of sulphur in taubin, with the unoxidized in cystin. 
If we boil cystin with an alkaline solution of oxid of lead, a 
black sulphid of lead is thrown down. Of course taurin, 
which we have already shown to be amido-ethylsulphonic acid 
(p. 178), cannot give this reaction. 

Cystin has the formula CjH^NSOj.' It does not occur in 
the normal organism.' We are not yet acquainted with the 
abnormal conditions under which a large amount of the sulphur 
is secreted in the urine as cystin. It appears however that 
even in normal metabolism, in the course of the formation of 
sulphuric acid products, a body is formed which is closely allied 
to cystin, and is distinguished from it only by an additional 
atom of hydrogen, viz., cystein. A substituted cystein, for 
instance, appears in the urine of dogs after the administration 
of brombenzol. Baumann,^ to whom we are indebted for the 
most searching inquiries into the origin of cystin, regards cys- 
tein as a lactic acid, in which H is replaced by NHj, and the 
OH by 8H— 

CH, 

i ^SH 
COOH 



^ The latest and most careful researches on the condition of the sulphur in 
proteids have been carried out by A. Kruger (Pfliiger's Arch., vol. zliii. p. 244: 
1888). Unfortunately, Kriiger did not make use of pure material for his 
researches. 

« E. Kula, Zeittchr,/, Biolog., vol. xx. p. 1 : 1884. 

• Stadthagen, Zeitsehr, f. physioL Chem., vol. ix. p. 129 : 1884. 

* E. Baumann and C. Preusse, J?<t. d. deuttch, chem. Get., vol. xii.p. 806: 
1879; ZeiUchr, f, phytiol. Chcm., vol. v. p. 309 : 1881 ; M. Jaff(§, Ber. d. deuttch. 
chem. Get.j vol. xii. p. 1092: 1879; Baumann, tfcirf., vol.'xv. p. 1731: 1882; 
ZeiUchr. /. phytiol, Chem., vol. viii. p. 299 : 1884. Vide also £. Goldmann, ibid., 
vol. ix. p. 260 : 1884. 
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The substitated cystein which appears in the urine after ad- 
ministration of brombenzol when boiled with dilute adds, is 
broken up, with hydration, into acetic acid and brompheoyl- 
cystein — 




(Q,H,Br) 
H 



Baumann obtained cystein from cystin by the action of nasceot 
hydrogen. The oxygen of atmospheric air reconverts tbe 
cystein into cystin. 

H,N — p — SH + O-f HS — C — NH, = H,0 
>K OOOH 

;h, CH, 

+ H,N — (? — S — S — C — NH, 

>H OOOH 



The empirical formula of cystin must therefore be doabled: 
CgHjjNjSjO^. The origin of cystin in the animal body is prob- 
ably due to a synthetic process, and possibly two molecules of 
proteid always yield the material for the formation of one 
molecule of cystin. 

The formation of bromphenylcystein would accordingly be 
a process quite analogous to that of cystin. Here again a 
divalent oxygen atom takes a hydrogen atom from cystin and 
from brombenzol, and effects tbe linking of the liberated 
affinities — 



CH, ( 

H,N — C — SH + O 4- HC, H,Br = H,0 -f H,X - C — S( CH,Br) 
COOH COOH 



Cystin does not dissolve readily in water, it therefore 
always occurs in urine as a sediment, and very occasionallj 
causes the formation of vesical calculi. There are some people 
who secrete a large quantity (about one-quarter) of the 
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Iphur as cyatin, without exbibiting any derangement in their 
1th. This rare anomalj' of metabolism sometimes occurs, 
ibably as the result of heredity, in several members of the 
le family.' 

Under Dormal coDditioQs cystin, or its antecedent cystcin, 

uj) still further and is oxidized, and the greater portion 

of its sulphur appears in the urine as sulphuric acid. This is 

confirmed by an experiment made in Baumann's laboratory by 

Goldmann.' He gave a little dog 2 grms. of cystein, and 

lund that the greater jiortion, about two-thirds, appeared as 

Iphuric acid in the uriue. The remainder had serveti to in- 

the organic sulphur compounds in the urine. This view, 

\,t the latter portion of the sulphur of cystein is converted by 

idation into sulphuric acid, is confirmed by the fact that in the 

juuria of man, the urine has generally an alkaline or very 

ibly acid reaction. 

We know little positively with rt^rd to the fete of tafrin 

;CH,(NH,)-CH^,H]. I have already stated that the 

tnouot of Bulphur which occurs as taurin in bile constitutes 

only a minute portion of the sulphur of the decomposed pro- 

teid, and is only slightly increased if more proteid is taken 

(compare p. 182). It is questionable therefore whether a taurin 

lecule results from each molecule of proteid. In bile, taurin 

conjugated with cholalic acid. In the intestine, the ferments 

digestion and putrefaction doubtless oAuse this compound 

break up witli hydration. We do not know whether the 

irated taurin is absorbed as such, or afler previous change. 

'e have not been able as yet to prove its presence in the 

oes or in the urine. No satisfactory results have been ob- 

Ined with regard to the further destination of taurin from 

imenta* consisting in its artificial introiluctiou into the 

^ . If large quantities of taurin are administered to man or 

dogs, the process of absorption does not take place slowly 
enough to allow of its complete change into the normal end- 
products ; one portion of the taurin appears as such in the urine, 
lother as a substituted urea — 



r 



'F, W. Beneke, " Gnindlmien dcr Pttthologie des SlaffweoheelH, " p. 256; 
Berlin. 1874. Compare aim A. KJemaiin, Dralth. Arch. f. klin. Med., vol. 
xtriii. p. 232 : WTS ; W. K. LobiHcb, Ll^liig'a Amial.. vol. clxiiii. p. 331 : 1S76 ; 
"W. Ebetein. " Die Natnr uni) llfbniidlung der Oioht," p. 130 : Wiesb&den, 1833 ; 
and "Die Nntur und BehandluDg der Harnateinc," p. 172: Wieabadea, 1834; 

[tbageri, Virehow'a Arch., toI. c. p, 4111: 1885. 
■ E. Ooldmtuin, Zrittebr. f. phytiol. CAnn., toI. ix. p. SS9: 1885. 
' E. SaJkoWBki. Brr. d. deuUch. eAem, Oft., vol. vi. pp. 744, UBl. 1312 : 1873 ; 
Vinthow'i Jr<A., Tol. Iviii. p.460: 1873. 
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"^CH,— CH,— SQ|H 



The presence of this sabsdtated urea has not so fiu* been 
poarivelv demonstrated in normal mine. In the rabbit, it is 
not foond even after the artificial introduction of taarin. il- 
most all the solphur of the tanrin reappears as solphuric and 
THiosrxpirrRic acid in the nrine of these animals. The ood- 
version into thiosnlphniic acid however occurs only when die 
tanrin is introduced into the stomach; if it is injected sob- 
cutaneouslvy the greater part reappears unaltered in the urine. 
The thiosolphnric acid is evidently formed by the processes of 
reduction taking place in the intestine. In the normal iiriDe 
of rabbits, thiosnlphuric acid has not been found, though it 
occurs frequently in that of cats and dogs.^ In huoian urine^ 
it has only been once found in typhoid.' 

ScxPHOCYAXic ACID,' (CNSH), also belongs to the sulphur 
compounds occurring in the urine. Grscheidlen found these 
acids constantly in himian urine, and in that of horses, cattle^ 
dogs, cats, and rabbits. On an average, one liter of human 
urine contained 0.02 grm. Munk found the average of three 
determinations to be 0.08 grm. Sulphocyanates were also foond 
in dogs' blood. Gscheidlen proved that they are derived fiom 
the salivary glands. The saliva of mammals invariably con- 
tains small quantities of sulphocyanates. Gscheidlen and 
Heidenhain divided all the ducts of the salivary glands in 
dogs, and thus prevented the saliva from entering the month. 
The alkaline sulphocyanate was now found to have disappeared 
from the blood and the nrine ; although it was still present in 
the saliva flowing from the wounds. It follows that in the 
normal condition sulphocyanic acid is formed in the salivaiy 
glands, pasties with the saliva into the intestinal canal, whence 
it is absorbed into the blood and appears in the urine. We 



^O. Schmiedeberg, Arch. d. Heilk., vol. viii. p. 422: 1867; Mett«r. 
Zeit^hr.f, rat, Med., vol. xxxi. p. 322: 1868. 

« Ad. Strumpell, Arch, d, Heilk,, vol. xvii. p. 390: 1876. 

* Leared. Proc. Roy. Soc., vol. xvi. p. 18 : 1870 ; Gscheidlen, TagtbM I 
47 Vert. d. Xaturf. u. Acrztc in Bralau, p. 98 : 1874; and Pfluger's Arck^y^ 
xiv. p. 401 : 1877 : Kfilz, Siizun^tbcr. d. Oes. *. Beforder, d. gei, Natirv. « 
Marburg, p. 76: 1875; J. Munk, Virchow's Arch,, vol. Ixix. p. 354: 1877. 
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are igoorant as to the si^ificance of these small quantities of 
sulphocyanic acid in the functions of the saliva, or in any other 
processes of the oi^nism. 

Of the or^oic constituents of the urine, only those which 
are free from sulphur and nitrogen remain for our consideration. 
Lactic acid, sugar and oxalic acid belong to this clasa. 
Lactic acid however has never been detected with certainty in 
normal uriue. It has only been found in phospborus-poisou- 
ing, atrophy of the liver,' osteomalacia,' and trichiuosia,^ On 
teleological grounds, we must doubt whether lactic acid passes 
into normal urine, as this would be a waste of potential enei^. 
The same argument applies in a still more forcible manner to 
sugar. All analyses of normal urine have the more positively 
shown the absence of sugar, the more carefully the investiga- 
tion was carried out. Even those writers who assert the pres- 
ence of sugar in normal urine, admit that they have only suc- 
ceeded in finding it in very minute quantities.' 

Oxalic acid is a constant ingredient in normal human 
urine after a mixed diet, but it uever occurs except in very 
small quantity, at most 0.02 grm. in twenty-four hours' urine.' 
This oxalic acid, in all probability, arises from the oxalic actd 
which is contained in the vegetable articles of food. There is 
at present no sufficient reason for assuming any other source 
for the oxalic acid of normal uriue. I was unable to detect 
any oxalic acid in the urine of a young man in good health 
after two days' exclusive diet of meat, nor in the urine of 
another healthy young man after he had eaten nothing but fat 
meat and sugar.* It therefore appears that oxalic acid does 
not normally arise from any of the three main classes of 

' ScholWen and Riere, Annalai dtt CharUf-Kranhenkoant, vol. it,: 1868. 

*Moer«and Mack, Z>eTi(3fA. Arth. f. klin. ited., vol.*. p. 485: 188S. The 
mnhod af testing UBed in this experimtrnt vaa, hovever, aneatinfaclory. Com- 
pare the critiiiae of Nmcki and gieber. Joara. f. praH. Clitm., to], xivi. p. 41 : 
1883; and E. Henm, Areh.f. arper. Path. «. Pharm., toI. xxvi. p. 147: 1889. 

•Th. Simou und F. Wibel, Ser. d. deaUeh. chfm. Gtt.. vol. iv. p. 139: 
I8T1. 

* Id this connection >ee E, Kiili, Paugfi't Amh., \o\. x'tii. p. 269 : 1876; M. 
Abel«s. Centralbt. f. d. mtd. WitmKK., Noa. 3, 12, 22 : 1879 ; J. Seegen, ibid., 
Noi. 8, 16 ; Bagnlu* Mo«cat«Ui, MoleKbott's Unlm. tur NatiirUhn da Mmtchen 
«. d. Tk., Tol. liii. p. 103 : 1881 ; L. v. Udranirty, ZeiUehr. f. phytiol. Chem.. 
vol. «ii. p. 377 : 1888 ; and Berirhl. d. nalur/ortch. GtitllteK. i. Freibtirg t. B., 
»ol. iv. part v.: 1889. Compare lbs works quoted on pp. 259,260. on glycuronio 

•P. FurbrinRer, Dmttth. Arch. f. klin. Mtd.. toI. iviii. p. 143: 1876; an 
acconnt of the litpratore on the excretion of oxalic acid is giTen here, Fiir- 
bringer adopted Nenbaaer's methcM), O, Schultien <Du Bois' Arth., p. 719: 
1868) Toand higher Talues b; employing Another method. A critique of both 
methods i* giveq by Wesley Mills, wIiobo researches on the anbject were carried 
out under Salkovski, Virchow'i ,4rcA., vol. xeii, p. 305: 1886. 

' I made on of Nenbiner'a method in teiting for it. 
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food. But the oxalic acid contained in v^etable srtioleB 
of diet must pass into the urine. Experiments carried out 
by Gaglio^ in Schmiedeberg's laboratory at Strassboig show 
that oxalic acid is not destroyed in the animal body. No 
oxalic acid was excreted either by a dog that was starving or 
by one that was fed on meat.' But if only from ^ to 1 mgrm. 
of oxalic acid or of oxalate of soda was injected subcutaneoosly^ 
the presence of oxalic acid was demonstrated in the orioe 
within the next twenty-four or forty-eight hours. If a neutnl 
solution of oxalate of soda was injected into the crop of a cock, 
nearly all the oxalic acid was found in the discharge of the 
cloaca. 

Somewhat different conclusions were arrived at by P. 
Marforiy' who took 1 to 1.5 grms. oxalic acid and determined 
the amount of this substance excreted in the feces and orine. 
Only a small portion of the oxalic acid reappeared in the 
feces. So that the greater part was absorbed. Of the amoont 
absorbed^ only 4 to 14 per cent, could be recovered from the 
urine. 

It seems however that^ under abnormal conditions/ oxalic 
acid may appear as the result of metabolism^ owing to an 
imperfect oxidation of articles of diet. Medical literature con- 
tains numerous cases illustrating increased excretion of oxalic 
acid in jaundice^ diabetes, scrofula, hypochondriasis, and otha 
disorders. We even find oxaluria spoken of as an independent 
disease. But we seek in vain for trustworthy quantitative 
determinations, with due consideration of the constituents of 
the food. The conditions underlying the occurrence of oxalic 
acid in the urine have great practical interest, because oxalic 
acid may lead to the formation of calculi. The lime salt of 
this acid is well known to be insoluble in water ; hence this 
salt is frequently to be found in urinary sediments in the well- 
known octahedral form. If the oxalate is precipitated in the 



^ Gaetano Gaglio, Arck,f. exper. Path, u, Pharm., vol. xxii. p. 246 : 1887. 

* In contradiction to this account of Gaglio's, we find it stated by W. Mill 
( Virchow's ^rcA., vol. xeix. p. 305: 1885) that he detected minatequaotitieicf 
oxalic acid in the urine of dogs fed exclusirely on meat or on meat and btcoo. 

' Pio Marfori, **SuUe trasformazioni di alcuni acidi della serie onalicaoel 
organismo deiruomo/' Hilano, 1890. 

^ In this respect we should note the statements of Gaglio, who uniformly 
found oxalic acid in the urine of frogs, when he arrested their muscular IDOT^ 
ments br destruction of the spinal cord, by paralyzing poisons, or by mere iix* 
ation {GiomaU dflla B, Accad. di Med. di Torino, p. 178: 1883); and il» 
thooe of Uammerbaeher, who found the excretion of oxalic acid increased in dop 
after the aiiministration of bicarbonate of soda (Pfluger's Arch., vol. xzziii.p> 
89^ 1883). This effect of bicarbonate of soda was not confirmed by Furbriogtf 
{loc. cil.) in man. 
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bladder, it may lead to the formation of vesical calculi. The 
solution of oxalate of lime in the urine depends mainly on its 
acidity. A solution of acid phosphate of soda dissolves oxalate 
of lime.^ We can thus explain how it is that oxalate calculi 
sometimes form under similar conditions as phosphatic calculi, 
and that occasionally vesical calculi consist of both ingredients, 
mixed up together or in concentric layers. I wish again to lay 
stress on the fitct that increase in the sediment of oxalate of 
lime does not justify the inference that there is an increased 
secretion of oxalic acid. This erroneous conclusion has led to 
many mistakes. 

^ C. Neobauer, Areh. da Verein$ fur gemeinsefia/tliche Arbeiten tur Farde- 
nmg der wisaentehaftlichen Heilkunde^ vol. It. pp. 16, 17 : 1868 ; and Modder- 
mann, Nederl, Tijd$ehr.: 1864, Bummarized in Schmidt's Jahrhucher dtr getamm- 
ten Med., vol. cxxv. p. 145 : 1865. 



LECTURE XXII 

METABOLISM IK THE LIVER — FORMATION OF 

OLYCOQEN 

We now approach one of the most involved and difficult 
subjects in the whole range of physiological chemistiy: the 
metabolism in the liver. 

Like the kidney, the liver has to fulfil the function of 
maintaining the uniform composition of the blood. Wliik 
the kidney removes all superfluous and foreign ingredient 
the liver revises everything before it enters the bk>od. For 
this reason, it is interposed in the current that passes from the 
intestine to the heart. We have seen how it guards againrt 
the blood being overwhelmed with sugar, while, on the other 
hand, it prevents a deficiency of this important article of 
nutrition in the blood (p. 189). We have also seen thtt it 
is constantly converting ammonia, which is a virulent poiaoo, 
into harmless compounds, such as urea and uric acid (pp. 294, 
310). Similarly, the liver converts the equally poisonooi 
aromatic products of putre&ction, which originate from the 
proteids in the intestine, into harmless compounds, by conjogi- 
tion with alkaline sulphates (pp. 256, 326). We also know 
that many poisons, such as meteds, alkaloids,^ etc., are arrested 
in the liver. 

It also appears that the system of innervation of the liver 
is identical with that of the kidney. We have not hitherto 
been able to prove a direct influence of nerves upon the hepttic 
cell. The functions of the liver, like those of the kidnqr, are 
regulated directly by the composition of the blood. This fiict 
also indicates that the chief duty of the liver consists in regu- 
lating the composition of the blood (compare p. 189). 

Id addition to this function, the liver, as we have seen 
above, performs that of secreting bile. We have already 
mentioned the grounds for our belief that bile is not merely 
an accidental product which is excreted during the essential 

* G. H. Roger. Arch. d. physioi. norm, ft path., V. vol. iv. p. 24: 18W; E. 
KoUiAT. A-xA. d. Sc. bioL, rol. li. p. 586: 1893. 
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^Sg& takiDg place in the liver, aod removed by the in- 
testioe, but that is a secretion which performs important 
duties in the processes occurring in the bowel (vide supra, pp. 
182-186). 

All these facts tend to show that the liver, the largest of 
all glands, is the seat of numerous and complex chemical 
changes. It has been hoped, by comparing the composition of 
the inflowing and outflowing blood, to obt^ an insight into 
" leae processes, or at least to suggest certain fruitful inquiries, 
umerous comparative analyses have been made of the blood in 
le portal and hepatic veins.' But when we consider how 
je a quantity of blood passes through the liver, and how 
[fling the amount of bile and lymph formed is in comparison, 
we can scarcely expect to be able to demonstrate marked dif- 
ferences in the composition of the inflowing and outflowing 
blood. It is probable that the diiferences in the analyses of 
the blood of the portal and hepatic veins are due to experi- 
mental errors, for they have been smaller in proportion to the 
care bestowed on the analyses, and, in the most reliable deter- 
minations, are ^vithin the limits of unavoidable errors. 

Another method of obtaining an insight into the processes 
iurring in the liver would consist in extirpating tliat oi^n, 
at least in isolating it from the circulation of the blood, and 
noticing what changes take place in the animal metabolism 
as a result of the operation. In this way we might hope, in 
the first instance, to decide whether the constituents of bile, the 
bile acids and pigments, are formed in the liver or are conveyed 
to it by the blood. If the latter were the case, the liver would 
be only an excretory organ, and its extirpation would cause an 
accumulation of the biliary constituents in the blood and in the 

We have already seen, when discussing the question as to 
9ie locality of the formation of hippuric acid, that frogs survive 
iie extirpation of the liver for several days, but the esperi- 
bents which have been carried out with reference to the 
ait question, have been inconclusive, because the inquirers 
were luable to overcome the difliculties which present them- 
selves in the endeavor to demonstrate the constituents of bile 
in the organs of the frog.' 

' C. FliigBe gives a criticnl spcount of thew works, Zn'tichr.f. Biolog., toI. 
xUi. p. 133 : 1877 ; compare also W. Drosdoff, ZeiUchr. f. pkytlot. Chem.. vol. i. 
p. 233: im. 

'These eiperimentB are critieised by HnnB Stern, Arefi. f. fxprr. Path, u. 
I Worm., vol. III. pp. 42-44: 1885. NoueoflhemyeBtigBtorehaapTOyed.br 
■.•Diilml 1,-xiwrim^Dta, that he eui demomtnite imatl quaotitiei of biliary coostita- 
■iMBIi ID frag'a tianie. 
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I have already repeatedly mentioned that, on aoooont of 
the aocnmulation of blood in the portal system after extirpar- 
tion or isolation of the liver in mammals, this operation has 
not as yet been successful in them (p. 295). In discasring 
the formation of uric acid^ we have seen that this difficulty 
does not present itself in birds, owing to their pofiseflsing 
a normal communication between the portal and renal 
veins (p. 310). Naunyn, Stem, and Minkowski have utilized 
this circumstance, in order to determine the question as 
to the seat of the formation of the biliary constituents is 
birds. 

Stem ^ ligatured the bile-ducts and all the vessels paasiii; 
to the liver in pigeons, including not only the portal veto 
and the hepatic artery, but also the small veins. ARtr 
from ten to twenty-four hours, the animals were bled to 
death. No secretion of urine had taken place after the 
operation, as renal activity always ceases in pigeons after 
ligaturing the liver.' If the biliary constituents were fonoed 
outside the liver, they would now accumulate in the blood 
and in the tissues, as they would have no exit. Stem paid 
special attention to the bile pigment, which is easy of 
detection ; but it was nowhere to be found, not even in the 
serum on the application of Gmelin's very delicate test, nor 
in any tissues or organs; there was no icteric disoolon- 
tion anywhere. On the other hand, if in pigeons the bik- 
ducts only were ligatured, bile pigment was found after an 
hour and a half in the urine, and with perfect certainty in 
the serum after five hours. It follows, from these valuable 
inquiries, that the coloring matter of bile is formed in the 
liver. 

The same applies to the bile acids. This has already been 
provcxl by an inquiry carried out by Fleischl ' in Ludwig's 
laboratorv. Bile acids cannot be shown to exist in noroal 
blood.^ If the bile-duct be ligatured, the biliary constitoentB 
pass into the lymphatics of the liver, and thence direct throogh 

^ Hans Stem. Artk.f. exprr. Path. u. Pkarm.^ vol. zix. p. 39 : 1885. 

* Fowls, dacka, mnd gecae contiooe to secrete urine after the liver hii bM 
ligmtured mnd extirpated (Minkowski and Nannjn, Arch, /. txper, Fiik «. 
Fharm,^ rol. xxi. p. 3: 1886). 

> E. Fleischl. Btr. d. k. meJkM. Get. d. Wu$aueh., If ath.-ph7iikaLKIiM, 
SitaunfT rom S Mai. p. 42: 1874. Vide also Koilerath, Da Bois' Areh.,^,9i: 
1JVH\ and V. Hariey. iWd,. p. 292: 1893. 

^ We must however assume that traces of bile acids do occur in normal blood, 
as thev are absorbed from the intestine. DragendoriT {Zeiisekr, f, anal. Chm^ 
\s}\. XI. p. 4<>7 : 1872) and Joh. Hone (Dissert.: Dorpat, 1873) found tnoM io 
normal human urine. Hoppe-Sejier and L. v. Udransski dispute this ststeoNst 
{Znitekr,/. pAyno/. CSUm., vol. xii. p. 375: 1888). 
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the thoracic duct into the blootl. If, after ligatm-ing the bile- 
dact, a cannula be introduced into the thoracic duct so as to 
collect the chyle, bile acids may be showo to be contained in it. 
If the bile-duct and the thoracic duct be ligatured at the same 
time, the latter becomes distended with lymph, but no tnice of 
bile acids can be found !n the blood. 

The observations of Minkowski and Naunyn' perfectly 
harmonize with the results obtained by Fleischl, as after shut- 
ting out tlie liver from the circulation, they were never able to 
t detect bile acids in the blood. 
We may therefore conclude that the specific constituents 
bf the bile acids and pigments are formed in the liver. 
We now come to the question as to the origin of the 
specific biliary constituents. With regard to the bile acids, 
their nitn^nous moieties, glycocol and taurin, are doubtless 
derived, as I have already shown (pp. 177, 288), from proteid. 
Cholalic acid, which is nou-nitrogeaous, does not necessarily 
originate in the same material. It is conceivable that it may 
be derived from another source, and subsequently combine 
with the nitrogenous compounds by a process of synthesis, 
with lose of water ; this would be entirely analogous to the 
mode of formation of hippuric acid. We should note the 
small amount of hydrogen contained in cholalic acid (p. 177). 
If it be formed from fats or carbohydrates, the carbon 
atoms of the molecule must become linked by two bonds of 
affinity Instead of one, as in the case of these two classes. 
This would only be a further proof that syntheses occurring in 
the animal are as complicated as those occurring in the vege- 
table cell. 

The coloring matter of bile, bilirubin (vide p. 323), almost 
certainly arises from the coloring matter of the blood, hematin. 
The following facts support this view. 

Bile pigments are found only in animals whose blootl con- 
tains hemt^Iobin, i. e., the vertebrata. The invertebrata have 
not hitherto been shown to possess them. It might be objected 
that this depends upon some other peculiarity of the vertebrata, 
I blood-cells containing hemoglobin are not the sole feature 
iiicb distinguishes the vertebrata from the invertebrata. 
ffith regard to this, it is interesting to observe that the 
mphioxus, which has no red blood-corpuscles, but which from 
I whole structure, belongs to the vertebrata, forms no bile 
ment. Hoppe-Seyler ' has searched for it without success. 



lilinkowiki and N&anyn, Arch. /. txp/r. Path. u. 
' Happ»^7ler, Pftugei'i Anh., toL xiv. 3M : 1B77. 



rharm. vol. ixi. p. 7; 
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It is well known that the liver of the amphioxos is a mere 
cecal appendage of the intestine, the gland being onlj indi- 
cated as in the embryos of the higher V€»rtebrata. 

It is almost certain that there is a genetic relation between 
bile pigments and hematin, if we compare thdr constitntioii 
(compare pp. 178, 323) — 

Hematin G^Ai^AFe. 

Bilirabin C^-N.O^ 

BUiTerdin C^H^N^O^ 

Hematoporphyrin, a pigment isomeric with bilirubin, cao 
be ardficiaUy prepared from hematin by treatment with hjdfo- 
bromic acid.' 

The following &ct may also be brought forward as an 
argument : in extravasations of blood the coloring matter of 
the blood disappears, and in place of it we find a ciystallind 
pigment, which Virchow' was the first to examine carefhllj, 
and named hematoidin. The same writer pointed out is 
res^nblance to bile pigment Subsequently Robin,' Jafi)§,* and 
Salkowski ^ proved the identity of hematoidin and bilirabin. 
Langhans * took the blood from the vein of a living pigeon and 
injected it under the skin of the same animal ; after two or 
three days the coloring matter of the blood had disappeared 
from the subcutaneous clot, and was replaced by bilirubin 
and biliverdin. Quincke ^ performed the same experiment on 
dogs. In this case the conversion occupied more time; the 
bilirubin did not appear in the subcutaneous injection before 
the ninth day. Cordua' injected blood into the abdominal 
cavity of dogs, and found bilirubin afi:er so short a time as 
thirty-six hours. Finally, Recklinghausen * has seen bile pi^ 
ment formed in the blood of frogs outside the body after bm 
three to ten davs. 

Our clinical experience entirely accords with these experi- 
ments upon animals, for we see that after hemorrhages under 

> M. Xencki mud X. Sieber, SiU. d. K. Akmd. d. Wistentch, i. Wien, Mitk.- 
nmt.-Klasse, toI. xcTii. pc. 2: 1S8S. 

* Virchow in his ArcA., rol. i. pp. 379, 407 : 1847. 

' Robim Ofmpi. rend^ rol. xli. p. 506 : 1855. Robin obtained 3 grmi. d 
hematoidin cnrstals from an hepatic cyst, and analyzed them. 

* Jatf^. Virchow *! ^rcA., rol. xxiii. p. 192 : 1862. 

' K. Salkovski. Hoppe-Serler's Med. ckmi. UnUn., Heft iii. p. 436 : 1868. 
' Th. Langhans, Virehow's ArcJk., rol. xlix. p. 66 : 1870. 

* H. Quincke. Virchov't Arch., toI. xcr. p. 125: 18S4. 

* Hcmu Oordoau ** Teber drn Reflorptionsmechanitmua von Blater^iiwB": 
IWrlin. HirM'hvald. 1877. 

* R^-k!:n«:haa!vn. **Handbh. der all^m. Patholof^. d. Kreislaniet and der 
Fraihran(/* p. 4;^ : Stvttgait, Eake, 1883. 
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Uie most varied oonditious (in cerebral hemorrhage, in pul- 
monary infarcts, in hematocele, in extravasations depending 
Hpon mechanical iujury, in abdominal hemoirhagea consequent 
upon eitrauterine pregnancy, in rupture of the sac, &c.), 
urobilin (vide p. 323) the product of the conversion of bili- 
rubin occurs in lai^e quantities in the urine.' 

Bilirubin is sometimes found In the urine, if from any 

lose hemoglobin passes out of the blood-corpuscles into the 
plasma. This may be brought about by the injectiou of water 
ID lai^ quantity, of chloroform, ether, or glycerin into the 
blood, or merely by the injectiou of a solution of hemoglobin.' 
It may however be questioned whether the relation is as simple 
as it appears, and whether the bile pigment occurring in the 
urine is formed from the hem<^lobin that has passed into the 
plasma within the circulation. The connection is probably one 
of aa indirect character.' The presence of hemoglobin in the 
plasma sometimes causes only hemoglobinuria, sometimes both 
hemoglobinuria and bilirubinuria, or, again, bilimbinuria alone ; 
Bometimes neither of these occurs. We have not yet satis- 
>rily settled tlie conditions under which the unaltered 

Joring matter of blood or its product is found in the 
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We have seen that bile pigment is normally formed in the 
liver, but the observations made upon extravasations of blood 
show that in abnormal conditions it may also arise elsewhere. 
Hence it has been asked whether the bile pigment occurring 
m jaundice is invariably formed in the liver. The most fre- 
qnent cause of jaundice, which is characterized by the appear- 
ance of bile pigment in the tissues and in the urine, is well 
known to be a narrowing or a complete occlusion of the hile- 
dacts. This generally occurs at the orifice of the common bile- 
duct, in consequence of catarrh of the duodenum, or from the 
presence of biliary calculi, tumors, and the like. In this way 
the bile is blocked up, and reaches the lymphatics of the liver, 
passes into the blood through the thoracic duct, and thus into 
all the tissues and the urine. We term this form obstructive, 
mechanical, or hepatogenous jaundice. In contrast to this an 

' E. TOD Bcrgniftnn, " Die FlimyerleWuDKen mit allgemeinen uod mit Herd- 
iTmpIomeii," in R. Volkmann's Sammlmtg kliniieher Vorirdgt, Ho. 190 : Leiplig, 
Breitkopfand Hartet. ISSl ; B. Diuk, Are\. /. Gynakotogie. rol. iiiii. p. 1: 
1884. Cfltnp. iJki O. Hoppe-Seyl^r. Virchow'i Arch., vol. oiiiv. p. 30 : 1B91 ; 
tikd Tol. oiivili. p. 43 : 1892. 

'Kuhne, Virohow's Arch., vol. liv. p, 3.W : 185B. M. Hermann. " De 
dbeta MDRninis dilud in wcretionem nriuie," Diuert. iiiHug.: Bcrolioi, 1S59. 
NothnBgel, Bert. ilia. Wocheiiach., p. 31: lS6tl. Tarchaooff'. PSugtr's Arch., 
I0l.ii. p. 63: 1S74. 

Fide E. SUdcliuanii, Arch./, txper. Path. u. PSiirm., tdI. it. p. 337 : 1882. 
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an- hepatogenous, hematogenous, or chemical jaundice* has 
been assumed, which was attributed to a conversKm of the 
coloring matter of blood into bile pigment outside the liver. 
A case was assigned to the latter class when no definite lesions 
could be discovered in the liver, and when, the flow of bile 
into the intestme being apparently unchecked, the feces 
did not exhibit the ^'claj color'' characteristic of jaundice 
^Qompare p. 183); moreover, certain forms of poisoning, as 
m>m arseniuretted hydrogen, chloroform, ether, fimgi, and cer- 
tain severe infective diseases, like typhus, malaria, pyemia, 
gave countenance to this view. In many of these cases a 
passage of hemoglobin from the blood-corpuscles into the 
plasma could be directly shown under the microscope. Stromata 
were also occasionally found in the blood, and hanoglobin wu 
seen to pass into the urine. It was therefore considered that 
in these cases a portion of the hemoglobin, which had passed 
into the plasma, had been converted into bilirubin outside the 
liver. 

One might have expected to be able to distinguish the two 
forms of jaundice by the passage of the bile acids into the 
urine together with the bile pigments in obstructive but not in 
hematogenous jaundice. But it is manifest that the bile adds 
are speedily destroyed after their passage into the blood; 
even in undoubted obstructive jaundice, their presence in the 
urine can sometimes not be traced. On the other hand, &ef 
are sometimes discovered in small quantities in normal orioe 
(compare p. 336, note 4). Large quantities of bile acids in the 
urine certainly allow us to conclude that we have to do 
with obstructive jaundice ; but their absence does not justify 
the inference that we have to deal with the hematogenoiu 
form. 

More recent research has proved that there is not at 
present any sound basis for the conclusion that the bile 
pigment occurring in jaundice has any other source than the 
liver. 

Minkowski and Naunyn^ removed the liver of a goose, 
and immediately exposed it, as well as a healthy goose, to the 
influence of arseniuretted hydrogen. After half an hour, the 
control goose evacuated urine containing considerable quantities 
of biliverdin, which continued to be secreted for two days. 

*H. Quincke, Virchow's Arch., vol. xcv. p. 125: 1884. Minkowski and 
Naunyn, Arch. f. exp. Path. u. Pharm., vol. xxi. p. 1 : 1886. A critical iocoont 
of the comprehensive literature on the various forms of jaundice is given bytheae 
authors. 

^ Minkowski and Naunyn, loe. eit., p. 18. Compare alio Valentini, Arch. /. 
exper, PcUh. u. Pharm., vol. xxiv. p. 412 : 1888. 
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id, the urine of the gooae without the liver 
at tiret showed only a miuute quantity of biliverdin ; but 
af^or half an hour's exposure to the poisou hemoglobiu ap- 
peared in the urine, and the urine subsequently discharged 
was perfectly free from bile pigment. The blood also con- 
tained neither bilirubin nor biliverdin. It is therefore ex- 
tremely probable that the bile pigment appearing in the urine 
after poisoning with arseniuretted hydrogen has ita source in 
the liver. 

According to my view, every form of jaundice is induced 
by obstruction. We must not forget that it is not necessary 
that the larger bile-ducts should be completely obstructed in 
order to cause the passage of bile into the blood. The slightest 
disturbance, the least an-est of the flow from the primary bile- 
ducts, ^niffices to induce it. 

So long as there is an unimpeded flow into the intestine, 
the bile pigment follows this route, and does not pass into 
the urine. TarchauoflP injected a solution of bile pigment 
directly into the blood of a dog with a biliary fistula, and 
found an increased secretion of pigment in the bile which 
proceeded from the 68tula; but there was none in the urine.' 
M'e may therefore assume that whenever bile pigment occurs 
in the urine, it is a sign of biliary obstruction. The bile pig- 
ment which is formed in extravasations of blood reappears in 
the urine, as already said, not in its original form, but re- 
duced to urobilin. We need not be surprised at such a reduc- 
tion taking place in the tissues, as we know from the researches 
of Ehrlich that very eneigetic processes of reduction occur in 
many organs and tissues.^ Ehrlich injected into living ani- 
mals blue dye-stuffs, as alizarin blue, indophenol blue, which 
are decolorized by the withdrawal of oxygen. These dyes 
circulated in the blood-plasma without being altered. But 

certain tissues, especially in the connective and adipose 
tissues, they were decolorized. When an incision was made 
into the tissues, they at flrst appeared colorless ; the blue 
color did not appear until the oxygen of the air had ope- 
rated for some time. Possibly the reducing power of the 
tissues explains the increased excretion of urobilin which 
accompanies the fading of jaundice. The bilirubin which bad 
penetrated the tissues during the biliary obstruction now 

< TBrohanoS', Pfluger't Arch,. toI. il, p. 3.12 : 1874. Adolr Voesiua has eon- 
finntd tbMe mnlM by troth fiptrimeiiu (Areh, /. tttper. PatK. u. Pharm., toI. 
Vidt aim A. Kuokel, Virebow's Areh., vol. liiij;. p. 483: 

"Dai Baaerstoffbedurftiisi des Or^nismui" ; Berlio, Hinofa- 
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retuma to the blood as urobilin, and passes out through the 
kidneys into the urine.' 

The obstruction of the bile which occurs id the jaundice 
resulting from poisoning by arseniuretted bydrc^en is probiblj 
caused in the following manner. There is an increased secre- 
tion of bile, for the intestine in the poisoned animals is loaded 
with bile. It ia therefore perfectly plausible to assume that 
the copious inspissated bile cannot discharge itself quickly 
enough, and that this alone suflSces to induce obstruction;' for 
the pressure in the bile-<iucts is very slight, and can be over- 
come by a trifling resistance.' Stadelmann ' has oonvincbglj 
shown that the jaundice resulting from poisoning by arseni- 
u retted hydrt^n or toluylendiamin is due to obstructioQ. 
When dogs with biliary fistulffi were poisoned with these snb- 
Htances, there was a great increase of bile in the secretion, 
which was moreover very thick and tenacious. They never 
found catarrh of the duodenum, nor occlusion of the common 
bile-duct, in their numerous autopsies. It was evident thst 
jaudice resulting from the action of toluylendiamin was due to 
obstruction, from the simple fact that lai^ quantities of bile 
acids were found in the urine. In the jaundice due to poison- 
ing by arseniuretted hydrogen, large amounts of bile acids 
were alio sometimes met with in the urine. 

We may noiv dismiss the subject of jaundice and the forma- 
tion of bile pigments in the liver. We possess no poMtive 
knowledge as to the fate of the iron which, in the process that 
we have been discussing, must be detached from the hematin. 
In the liver we find very numerous compounds of iron, in which 
the iron is more or less firmly fixed ; from very simple bor- 
ganic forms, such as oxid and phosphate of iron, and organic 
compounds in which it is more stable, to those in which the 
iron is as firmly bound as in hematin.' We know nothing as 
to the genetic connection of these compounds, which have 
scarcely been submitted to any inquiry. 

As already mentioned, the formation of glycogek is one 
of the functions of the Hver. The reasons why we are compelled 

1 Vidt Kankel, lac. ait., p. 463. Compare also Qoinake, toe oil., p. 13S. 

* MinkoiTBki aud Nnunyn, loe. rit., p. 13. 

'Heidenhaia, id HenuRna's "Haudb. d. Pbfdol.," toI, t. put i. p. M: 
LeipiiK, Vogel, 1883. 

*E. BtadelmaDD, Arch. f. txp. Path. u. Phorm., vol. xir. pp. S31, 4!!!: 
1881 ; Tol. IT. p. 337 ; 1882 : vol. ivi. pp. 118, 221 ; 1883. Compore also A&DU- 
•iew, ZtUtchr. f. klin. Med., vol. ti. p. 281 : 1883. 

• Vide St. Si. Zaleski, ZeUtchr. f. phj/tiol. Chtm.. toI. x. p. 4S3 : 1886, where 
a fiiU ocoouDt of (he litt^ratnre an the relation* of iroD in the liver is giren. 
Compare also the iateresting illustratioiia of the mlcroacopleal preparatirau ia 
the work of Minkowaki and Nnunyn, loe. eit. 
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! that the sugar which passes from the mtestise into 
th« portal blood is deposited in the liver as glycogen, have 
already been given (p. 188). Glycogen plays, in the mctab- 
oliatn of animals, a part similar to that which belongs to 
Btarch in the metabolism of plants ; it is the form in wliich 
the excess of carbohydrates is stored up in the organism for 
fiiture use. 

Glycogen ' is distinguiahed from starch by ite property of 
swelling up and being apparently disBolved in cold water. The 
solution is bowever never clear, but opalescent and not diffusible. 
Glycogen therefore in tbis respect resembles the colloid gummy 
carbohydrates, dextrin, arabin, bassorin, and the like; but it is 
more complicated than dextrin, as this is obtained by the de- 
composition of glycogen. It yields products similar to those 
derived from starch when broken up, and is probably of as com- 
plex a nature. 

There is do room for the storage of the whole excess of 
carbohydrates in the liver. The liver of mammals rarely yields 
as much as 10 per cent, of glycogen, aud generally much less. 
The human liver therefore, which weighs 1500 grms., con- 
tuns at most 150 grms. of glycogen. After a. meal in which 
carbohydrates have been copiously consumed, much larger 
quantities often pass into the portal vein within a few hours, 
and we must bear in mind that at the commencement of a 
meal the liver contains some glycogen. It only becomes 
perfectly free from glycogen after several weeks' starvation. 
A large portion of the sugar, derived from the intestine, must 
therefore pass through the liver. But as the amount of sugar 
in the blood does not rise afler a diet rich in that substance, 
the sugar must be deposited in other organs than the liver. 
We do, in fact, know that the muscles contain glycogen.' The 
percentage amount of tbis carbohydrate in the muscles is much 



Cl. BeniBrd {Oat. mid. d< Paris. No. 13 : 1897; Cimpt. rend., vol. ili-r. 
p. 578: 1857) »Ba V. Honaen (Virchow-B Arck., vol. li. p. 396 : 1S57) eaob dis. 
covered glfcogcn itidep^ndetitl; of the uther. and iiol&ted it from th» liver. 
Brucke (Siliungiber. d.Witn. Akad., vol. Ixiii. part 2, p. 311: 1S71) bag ihown 
• method for ttiequant!tativerBtliiutear)it;cogeii. Fide also O. Na»e, PQiiger'a 
Arth.. Tol. xiiT. pp. I-IH: 1881: R. Bohm and Fr. A. HofoBDn. Arch. ]. 
taper. Path. a. Pham., toI. vii. p. *89 : 1877; vol. viii. pp. S71, 375 i 1878; 
vol. z. p. 13: 1879; Pfluger's .ireA.. vol. xiiii. pp. 44. 205 : 1880. Compare al»o 
Knli, Pflugef's Areh., vol. xiiv. pp. 1-114 ; 18S1, for a cocaplele account of tbe 
lilerBtnre oa the mbject. 

• Tbe nccurrenre of BJyOOgen in the munclea vaa di«oover«J by Bernard 
(CtHnpt. Tfnd., vol. ilfiii. p. 683 : 1859) aud by O. Nasse (Pflilger's JrcA.. vol. ii. 
p. 97: 1869; aod vol. liv. p. 482 : 1877). A lummary of the first accoanu of 
glycotten ID muKle is given by E. Kiili, toe. cil., p. 43. Glycogen in imall 
qaanlitiea is also preient in other orguna. Compare U. Abele«, Centralbl. /. d. 
mtd. Wit*., p. 449 : 1883. 
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smaller than that in the liver, and seems to vary in difereat 
animals ; the muscles at the most contain 1 per cent., geDeiallj 
less than J per cent, Bohm ' found the ahsolute (jiiantiW 
contained in the muscles uf the cat nearly as lai^ as thai b 
the liver. The muscles of a horse, after nine days' stanation, 
still contained from 1 t<i '2.4 per cent, glycogen,* As we shall 
see directly, glycogen is the material of muscular work, ll 
disappears entirely from the muscles and liver after &tigae 
and want of food ; ^ and sooner from the liver than \iit 
muscles.' It may be taken as a fact that when there is an 
insufficient supply of food the organs which are at rest give 
up their store of glycogen to those that are working. 

It is probable that glycogen is conveyed from one part of 
the system to another in the form of grape-sugar, Wliai 
broken up by ferments, glycogen is converted, in the tirsi 
instance, into a carbohydrate resembling dextrin, and into i 
variety of sugar resembling maltose.* But in the living 
body, the passage of the glycogen from the tissues bio 
the blood causes a further advance in this change, and the 
glycogen is as completely converted into molecules of grape- 
sugar as it would be by boiling with dilute sulphuric acii 
The majority of inquirers have been unable to show the 
presence of glycogen or of any colloid carbohydrates in tbe 
blood,* 

Glycogen is not only a source of power for tlie muscles ; it 
ia likewise a source of heat. If we lower the temperature ot 
a rabbit by cold baths and cold air, all but minute traces of 
the glycogen is found to have disappeared from the liver a&a 
a few hours.' Starvation deprives warm-blooded animals more 
rapidly of their glycogen than cold-blooded animals, and among 

■ R. BShm. Pflflger'a Arch., vol, Xiiii, p. 61 r 1630, 

' G.AUiehoS {KUlz'slabotilaty), Ztil»chr. /.Sicloff.,yal. iTv. p. ISiAl^. 

' B. Luchsinger. " Ki pert mcD telle uud kritiache Beitrige mr PhyaialOEK 
und Pathologie des Glycogena," VierteyahrKhr. dtr ZUrwker natUTfartekenin 
Gttflltehaft : 1875. See also Paiiger'a Arch., vol, iriii. p. 473: Ig'g. G. 
Aldehoff. ZfiUchr./. Biolog.. vol. iiv. p. 137 : 188B, 

' Aldehoff, lac. cit. 

' O. Naa»e, Pfliiger's Arch., vol. av. p. 478: 1877; MunmiIub ind •» 
Mering, ZtitKhr. f. phytiot. Chen., vol, ii. p. 413 : 1S73 ; E, Kuli, lot. til., 
pp. 62-57 and 81-84. 

' O. Nasse, "DemaMriiBamjlBceis, namiD aauguine BnimBliuin m*M* 
duquisitio." Diseert.: Hnlle, 1866 ; Hoppe-Seyler. " Pbysiol, Cbem.," 
Berlin, 1S81. Salomon comestadifferentroucluaioDB (Z)im(kAc msl, IFocJk 
No. 36 : 1877). Frerieha (" Ueb, d. Diabetes." p. e : Berlin, 18M) alio oc 
the coDcluaion that there i> oonstanlty a imall amoant of glycogen in the bleod. 
for the Ed oat part contained in the white blood-corpuaclea. This however il aol 
a peeuliarity orleacocytes, but ia probably cooimon t« all eells. 

^ E, RuU, Pfiiiger'B Areh., vol. xiiv. p. 4e : 1881. Vidt also Bohm and 
Hoffmann, Areh. f. txptr. Path. u. Fharm.. vol. viii. p. 396 ; 1878. 
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die fbimer small animals with a relatively large surface lose 
it sooner than the bigger ones.' Starving rabbits lose their 
g\yccigea in from four to eight days ; dogs not before two or 
three weeks ; frogs, in summer, after from three to six weeks. 
Frogs which have had no food during the whole winter do not 
show an entire absence of glycogen until the spring. Hiber- 
nating mammals are equally slow iu consuming their store of 
glycogen,' 

If we introduce carbohydrates into tlie stomach, or directly 
into the blood of rabbits, whose liver, afler six days of 
starvation, has been rendered quite free from glycogen, a 
lai^e amount of glycogen is found in the liver after a few 
hours.* 

It is probable that the glycogen stored in the liver and the 
muscles is not derived exclusively from the carbohydrates of 
the food. It appears that the albuminous and gelatinous sub- 
stances of the food also take part in the formation of glyct^n. 
AnimaU that have been exclusively fed for a considerable 
period on lean meat, exhibit lai^e stores of glycogen iu their 
liver and muscles. Naunyn ' fed fowls for a long time (in one 
experiment for. six weeks) exclusively on muscle, which had 
been stewed do\vn and squeezed out, and therefore was almost 
entirely free from carbohydrates ; and he then found lai^e 
quantities of glycogen (as much as 3.5 per cent.) in the 
liver. Von Mering' fed a d<^, which bad been previously 
starved for twenty-one days, for four days exclusively on 
washed bullock's fibrin. The animal was killed sis hours afl«r 
it had been last fed, and the liver, which weighed 540 grms. 
contained 16.3 grm. of glycogen. A control animal of nearly 
the same size showed, after twenty-one days of starvation, 
0,48 grm. of glycogen in the liver. It would necessitate very 
forced modes of explanation to assume from these and many 
l^er similar experiments that the glycogen did not arise from 

LAe proteid. 

k We may also quote, in support of the view that carbo- 

'B. Lauhdnger, foe. oil. 

'Sohiff. "Unt. ueher die Zuckcrbildnng in der Leber," p. 30; Wflirburg, 
1869; Vnteuline, MolescboH's C'ntert. znr Nalurlehrt, ±c.,Yo\.iit. p. T23: 1S57 ; 
C Aeby. Arth. f. aper. Path. u. Pliarm., vol. iii. p. 184: 1875; Voit. ZeiUehr. 
f. Biolog., vol. liv. p. 118 : 1878. 

* E. Kulz, Pfluger'a Arch., vol. uiv. pp. 1-19 : 18S1. The numerous eiperi- 
mentiors omilar nature made by earlier authon are eiven here, 

* B. NsuDja, Arch. /. t^tr. Path. «. PAarm., vol. iii. p. B4 : 1875. 

' VoD Meriag. Pflilger'B Arch., vol. liv. p. 28S ; 1877. The eiperimenU 
miide oD ihii aubjecl b; earlier authon are appended. Yidt also Benj. Finn, 
Xerhmdl.d.. pkj/tik. mad. Ga. lu WHnburg, N.F.. vol. li. Heft !., ii. ; 167ti; 
and 8. WolQberg, ZciUchr.f. Bvtlog., vol, iii. p. 310 (Eip. *): 1876. 
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bjrdretes sr« fonned from proteid, the fact that in the seven 
fonn of diabetes mellitus, under a protracted and eiclusive 
flesh-^et, the secretion of sugar does not cease, and that the 
quantity of sugar increases in proportion to the amount of 
proteid consunied.' 

VoQ Mering's experiments on pbloridzin diabetes are well 
worth meationing.* Phloridzin is a glucosid found in liie 
root cortei of apple and cherry trees. If we administer a 
certain amount of this to a dog (1 grm. per kilo, body-weifht) 
we find, af^er a few hours, sugar in the urine. This glycoeurii 
ceaaes in two or three days, and we then find the liver and 
muscles totally free from glycogen. If we now give aoothfr 
dose of phlondzin, we again find a lai^ amount of sugar ex- 
creted. Von Mering concludes that this must be derived from 
proteid. We must however acknowledge the possibility that 
tiiia sugar may arise from feta. I have already (Lecture XIII.) 
noted certain fete which point to a conversion of fat into 
sugar, and would cite especially the constant percentage of 
sugar in the blood of starving animals which have long tiwd 
up their store of glycogen, and sparing their proteid as much 
as possible, are living nuinly at the expense of their fat i 
conversion of fat into sugar has long been familiar to the 
vegetable physiologist. Certain seeds contain no starch, tie 
place of thb substance being taken by fat. If such seeds are 
allowed to germinate in the dark in order to prevent the 
formation of new organic substances, the fat is seen to dis- 
appear from the cotyledons and is replaced by starch, gum, 
sugar and cellulose.' If starchy seeds germinate in a glass 
tube over mercury no alteration occurs in the volume of tht 
air in the tube. If oily seeds are placed under the aame 
conditions, the mercury rises in the tube, since oxygen is 
used up in the transformation of fate into carbohydrates.' J. 
Se^en is of opinion that a similar conversion of &t into 
carbohydrate occurs in the liver of the mammal, and baf«s bis 
argument on the following experiment. Pieces of liver fixnn » 
freshly killed animal are weighed, cut up finely, and allowed W 
stand with defibrinated blood at the body temperature. To one 

' Von Merinjt, " Ts^blatt der 49 Naturforecherverakmniliuis la Huibui|," 
nimmarixed in the DeuUehe Zeitichr.f. pratt. Med., No. 40: 1876 1 utd 5d. 
18: 1877; Kflli, Arch./, exptr. Path. u. Pharm., vol. yi. p. 140; 1876. 

* Vun Meriug. Vtrhandl. d. Confir. f. inn, Mediein., Funner CongnM. Ti*' 
baden, p. 185: 1886 i Bud Sei'hster Coagress, Wiesbaden, p. MS: 1637. 

'Sachs, Bofan. Zeil.: 1869; Peter*, "Landw. VereachtBUtion«n." rol.iii-i 
18B1. 
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portion of this mixture a fine emulsion of fat is added. Air is 
then allowed to bubble through the mixtures for five to six 
hours. At the end of this time the amount of sugar is 
determined in the mixtures^ and is found to be always higher 
in the liver to which fiit has been added. Se^en concludes 
that fieit is converted in the liver into sugar. In harmony with 
this assumption is the fact that the blood of the hepatic veins 
18 almost free from oxygen^ whereas the blood flowing from 
other organs always contains considerable quantities of this gas. 

We must conclude therefore that as soon as the amount of 
sugar in the blood sinks below normal^ the liver pours into the 
blood sugar which may be derived not only from glycogen and 
proteid^ but also from fats. Whether the other organs can also 
oonvert their fat into sugar^ or whether the fiit must be first 
tiansported to the liver in order to effect this conversion cannot 
as yet be determined. 

Many attempts have been made to decide by experiment 
whether glycogen arises from the fatty materials of food. 
Almost all autibors ^ agree that the glycogen of the liver does 
not increase in amount after fatty food. 

1 A summary of these anthors is giyen by Von Iferinf, PflOger's Arch., toI. 
xiF. p. 283 : 1877. 
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THE aOUECE OF MUSCULAR ENERGY 



In our last observations on the formation of glycogen sod 
the behavior of carbohydrates in the body, I repeatedly stated 
that glycogen must be regarded aa the material of moscnlir 
work. We will now proceed to consider the facts which 
have led to this view, and to give a connected a««unt of 
all that is at present known concerning the source of nmsculsr 
energy. 

The most obvious theory that the source of muscular work 
is the metabolism of those substances which form the main 
constituents of muscle, viz., proteids, was obstinately maio- 
tained by Liebig ' to the end of his life. This tcachjiig wis 
however shown to be erroneous by the following experi- 
ment : — 

Fick and ffisliceaus, from the Lake of Brien«,' ascendai 
the Faulhom, the summit of which is 1956 meters above the 
level of the lake. The urine excreted during tJie six hours' 
ascent and for the succeeding six hours was collected, and the 
nitrogen contained in it was estimated. During this time, and 
for twelve hours previous to the commencement of the experi- 
ment, only non-nitrogenous food, starch, fat, oud sugar, had been 
taken. The consumption of proteid was calculated from the 
nitrogen found in the urine. In Fick it amounted to 3S, asd 
in Wislicenus to 37 grms. From the amount of heat produced 
by the combustion of tlie carbon and hydn^en in the proteid, a 
maximal value* was deduced for the heat-equivalent of the 

'II U very inatnii^tivB to rend (he arigioil worts in wbioh the ttasao 
adduced in foTororand against Liebig's dwtrine are given. To this end 'r 
reeummend Liebig'i treatise. " Ueber die Gahrang und die Quelle der Mu^d- 
knUt und uber Emahning ; " Liebig'* ^nn. d. Chen, u. Piutrnt., toI. cliii. iip.1 
and 157 ; and Voit'a reply, " Ueber die Enlwickelung der Lehn tod dtr 
Quelle der MuBkelkrafl und einiger Theile der Eruabning aat 25 Jahrtn," 
ZriUehT. /. Biolog., vol. vi. p. 306 : 1S70. The older literature on tbi« qiMtiii 
\a here criticaJIy treated. 

' A. Fiek and .1. Wlilieeaua, VierUljahTiekT. der Zuricher natarjenchnif 
Gu.. vol. X. p. 317: 1865. 

* That (his *Blile miut be much too high is evident from vhit «<? hire (ces* 
tioned before (p. 61 e( irq.). 
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proteid, aud it was found that 37 grins, of proteid yielded 250 
units of heat, which corresponds to 106,000 kilogram meters of 
work, Wislicenus weighed 76 kgnus. It follows that, in 
merely raising his body to the summit of the mountain, he had 
done work amounting to 76 x 1956 = 148,656 kilogrammeters. 
But the work done during the ascent was really much greater ; 
^XHck and Wislicenua calculated that the work done by the 
ind by respiration in the same time amounted to 30,000 
l(tgram meters. We have also to consider that even on level 
round every step entails work, which is converted into heat 
1 is lost, and that the other parts of the body, the head and 
us, are movi-<l during the ascent, etc. It follows that much 
lore work bad been done than would be covered by the 
aitial energy contained in the proteid consumed. The non- 
moua constituents of the food and of the body raust 
refore have been utilized as sources of enei^'. 
The view that proteid is the exclusive working material of 
iQscle is more precisely controverted by a series of very care- 
1 experiments on metabolism. These show that the excretion 
of nitrogen during twenty-four houi-s of extreme labor is as 
great as, or but little more than, the quantity excreted during 
rest ; but that, on the other hand, the excretion of carbonic 
acid and the absorption of oxygen is much increased on the 
days of work, and that therefore during muscular work non- 
nitrogenous food is chiefly consumed. 

Voit' was the first to carry out a careful experiment of this 
Hbnd. He caused dt^ to run in a large tread-mill. On the 
^■qrs before and after the day of work, the animals were 
^Ifoiescent with the same food. Some of the experiments were 
made on fasting animals. The output of nitrogen for twenty- 
four hours was accurately determined, and it resulted, from two 
experiments with fasting animals, that the excretion of nitrogen 
was not increased on the working days. In two other experi- 
ments with a fasting animal, and in two with a diet of lean 
meat, the increase was very slight. 

More recently, O, Kellner' has instituted similar experi- 
ments on horses at the experimental farm of Hohenheim. On 
the working days, he found a greater increase in the excretion 
of nitrogen than was shown in the experiments of Voit. It 
HtoBs only when very Inr^ quantities of carbohydrates were 
Hpveu to the horses that this increase failed. 

H. I C. Voii, " Unt 'ibcr den Eiafiues des KovhsalEea, dcs KtSTet* aui der 
MmlcelbeweKiingeii suf den SloBwechBel," p. 163, d stg.; Munclieii, 1H6D ; uid 
Xtifckr. /. Biolog., vol. ii. p. 33U : 1866. 

»0. Kelloer, iMTidmiiluhaftlickii JahrbUcher, vol. riil. p. 701: IS78; and 
voLU. p. CSl: 1880. 
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Pettenkofer and Voit ' have also made eiperimait8 on mm 
to determioe the inBueDce of work upon the excretion of nitro- 
gen. The elimination of carbonic acid, and indirectly the 
amount of oxygen consumed, was determined at the same time 
by the respiratory apparatus. They found that on tbe working 
days the excretion of nitrogen was identical with that on the 
daj's of rest, the food being the same. The amount of m\- 
phuric and phosphoric acids secreted was not increa^ oa the 
working days, but the excretion of carbonic acid and the 
absorption of oxygen rose very considerably. 

liivoiaier' had already shown that the absorption of 
oxygen and the excretion of carbonic acid were increased 
by muscular work. Vierordt,* Scharling,* Ed. Smith,' C. 
Speck,' and others, using more perfect methods, have coDfimed 
this discovery. The increase in the absorption of oxygen »iid 
in the excretion of carbonic acid has been determined not on!* 
by tbe investigation of the interchange of gases in the respira- 
tory apparatus, but also by a eomparative determination of ihe 
oxygen and tbe carbonic acid in venous biood, taken from the 
quiescent and the tetanized muscle. This was done by Ludwig 
and Sczelkow,^ and finally in a masterly inquiry carried oot Id 
Ludwig's laboratory by ilax von Frey,* with the advantage of 
all the improved technical aids. 

From the experiments that have been quoted, it is apparent 
that muscle chiefly works with n on -nitrogenous food, and carbo- 
hydrates readily suggest themselves, as they are invariablv 
stored up in muscle in the form of glycogen. CI. Bernard, the 
discoverer of glycogen, was al-so the first to observe that this 
store of glycogen disappears during work.' He also found that 

' PelKnkofer and Voit, ZeiUehr. f. Biolog., vol. ii. pp. 4Bft-«0D : ISM. Com- 
ptn aim Ttiii Stheok, Arch. /. aper. PtOh. it. Pham., toI. iL p. 21 : 1874; ud 
Oppenheim, PfiuE^r'B JreA., vol. xii[i. p. 4S^ : 1880. 

' ScKaJD aad Lavoisier, " Premier m^moire >ur la napiration dea ftuimtu," 
Men. dr CAead. da Setfncet. p. 185 : 1789 ; (Eurra dt LamritUr, P»m. In- 
primerie imp^risle, vol. ii. pp. 6SS, <i94 : 1863 : aad Lftroiiier'i letter Ui Bluk, 
dated November 19. 1790, printed in tbe " Report or the Forty-fim MecliB|of 
the British Assoc, for the Adv. of SoieDce," beld at Edinborgb, id Aapist, IS7I, 
p. 191 : Loudon, 1873. 

' Vierordt. " Phyaiologie dea Athmeui " : Karlsmbe, I&IS. 

* Scharling. ^nn. d. Chan. u. Pkarm., vol. xlv. p. 214 : IMS : Jaum. f.prmh. 
CKrwt,, vol. ilviii. p. 435: 1848. 

>Ed. Smitb, Phil. Tram., vol. ciliz. (2) pp. flSl, ns : IBW; JMi«*- 
ekxrvrg. TVonj.. vol. ilii. p. 91 : 1859. 

<C. Speck. Sehrifltn der Gf4. lur Brforderunf d. gtt. Katitrwiitaiuik. i* 
MarbHrf, vol. i.: 1871; Artk.f.exper. Path. v. Pharm., vol. ii. p. Wfi: 1874. 

'Ladirigand Sctelkow. irien<rStl*HB0i6er..ToLlt*. p. 
/. rM. Mtd., vol. ivii. p. 106 : 1862. 

■ Uai voQ Frey, Da Bois' Arek., pp. gl9, B33 : 1885. 

*C1. Benuml. C<mpt. rend., vol. zlviii. p. 6BS; IftBO. 
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muscle is artificially brought to a state of quiescence 
ioD of its nerve, its glycogen increases. These state- 
[" Bernard have been subsequently confirnied by many 
experiments.' If one of the hiod 1^ of a frog be tetanized, 
it is always fouud to contain less glycogen than the other, 
which has been at rest. 

Kiilz* allowed dogs that had be«n previously well fed to 
starve for one day, and on this day to drag a heavy cart for 
from five to seven hours. The dog was then immediately killed, 
and the amount of glycogen in bis liver determined. Of five 
dogs employed in this experiment, the liver in four showed that 
all hut mere traces of glycogen had disappeared. The liver of 
the fifth, which was distinguished from the others by being old, 
&t and sluggish, weighed 240 grms., and contained 0,8 
. of glycogen. I have previously remarked that during 
irvation without work glycogen does not disappear from the 
Ever of a dog until the tbird week (pp. 344-345). 

Hence there can be no doubt that carbohydrates serve aa a 
norce of muscular enei^. 

However, it would be too much to assume that carbo- 
hydrates are the sole source of muscular enei^v. We have 
[fit become acquainted with experiments from which it appears 
/ probable that glycogen is formed from proteid {p. 345), 
Hence we infer that proteid may also serve as a source of 
mascular enei^'. It is a fact that caraivora may be fed for 
a long time exclusively on lean meat, without impairing mus- 
cular vigor. I cannot conceive any explanation of tlie metab- 
olism of the animals thus fed, without assuming that proteid 
may serve as a source of muscular |K>wer. 

Nor is it improbable that fat may serve for the same 
purpose. It would not be difiicult to determine this question 
by experiments upon fasting dogs, Kuiz has already shown 
that a fasting dog consumes its store of glycogen on the very 
first day of hard work, A determination of the excretion of 
nitrogen and carbon on subsequent days, when the work was 
continued, would aSbrd a certain reply to the question whether 
chiefly proteid or chiefiy fat supplies the animal with working 
power. When Voit made his experiments on fasting dogs, the 
■nitnal generally worked only one day ; in one of his experi- 

Ejnte* however, the work was continued for three successive 
ys, and they had been preceded by three feating days with- 
i 



It of thtse is given iiy E. Kiilz, PSiiger'a Are/i., vol. 
: and Ed. Marchf, ZeiUchr. f. Biolog., vol. iiv. p. lia : 1839. 
> E. Kuli, lot. eil.. p. 15. 
» VoU, '■ Ueb. d. Einfl, d. Koclisallea," ic, pp. 157. LIS. 
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out work. Kulz's dogs worked and fiisted for one day onlj, 
previous to which they had been supplied with ample food for 
some daySy and still after the first day of work their glycogen 
had disappeared. It follows therefore that Volt's dog most 
have been quite free from glycogen on the second and third 
days of hunger and work. Nevertheless there was only a 
trifling increase in the excretion of urea. I think therefore 
it must be concluded from this experiment that the store of 
fat in this dog had been drawn upon to carry on its mnscolar 
work. 

I hold that muscle draws its energy from all the three 
main classes of food-stufis. We might assume d priorij on 
teleological grounds^ that in the performance of its most 
important functions^ the organism is to a certain extent 
independent of the quality of its food. As long as ncm- 
nitrogenous food is supplied in adequate quantity or is stored 
up in the tissues^ muscular work is chiefly maintained from 
this store. When it is gone the proteids are attacked. The 
results obtained from the above-mentioned experiments of 
Kellner entirely agree with this statement ; he found that, in 
the horse, the excretion of nitrogen is increased by muscular 
work only when the animal does not receive a sufficient supply 
of carbohydrates. 

It has often been surmised that muscular energy is not 
derived from the processes of oxidation, but from those of de- 
composition. Certain facts seemed to favor this view. Thus 
Hermann ' foimd that an excised muscle contains no removable 
oxygen, and that nevertheless it executes numerous contractions 
and gives off carbonic acid when placed in a medium de- 
prived of all oxygen. We know that the chemical potential 
energy introduced by food may in part be converted, by mere 
breaking up without oxidation, into kinetic energy ; that the 
heat of combustion of decomposition products is lower than 
that of the original food-stuffs, and that therefore heat must 
be liberated during decomposition. We have given direct 
proof that this development of heat accompanies many proc- 
esses of decomposition. (Compare pp. 64, 153.) 

The above-mentioned fact, that in muscular work the - 
consumption of oxygen is increased, is not opposed to the ^ 
assumption that only a part of the chemical potential eneigy ^ 
is transmitted into kinetic energy during decomposition. ^4 
The two processes, decomposition and oxidation, might 
at different periods ; the former serves for muscular work, thi 

^ L. Hermann, " Unt. ub. d. Stoffwechsel der Maskeln, aiuigeheiid toi 
Qaswechsel derselben " : Berlin, 1867. 
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latter provides heat. Both processes might also be separated 
as to their locality, the de<<ompositioi] occurring in the proto- 
plasm of muscular fiber, while possibly the oxidation of the 
decomposition products occurs in other ti^ue-elements. 

From this point of view the absorption of oxygen would 
mainly serve for the production of heat. There is a remarkable 
diSerence in animals in their requirement of oxygen, and 
it appears that the waut is regulated by the amount of beat 
generated. A mammal requires at least from ten to twenty 
times as much oxygen, in proportion to its weight, as a cold- 
blooded animal. A bird uses up more thau a mammal. A 
small animal, giving off more heat from a relatively larger 
surface, re<iuires more than closely allied animals of a large 
Young animals require more than full-grown animals of 
\ the same species. These differences are well shown in the 
following table : 



AmOTOT or OXYQEM COJIBDMED 1 

■TO 1 Gkm. Of Weight, in 

ICT":: :..:::: 

Dob - . 


[11 TwMm-FoDB HouRB, w 

C.CM. AT O" C AND 760 MH 

'.'.'.'.'.'.'.'. 23.0 


Proportion 
1. Ho.' 

161.0 
- 32.0 


M^: .;...:; . 












Frog 

Earthworm 

T«nch ... - . 






. 1.0 
0.97 


- 2.0 

1.7 
1.3 








0.41 
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If it is correct to r^ard muscular energy as mainly pro- 
duced by the decomposition of food, and heat chiefly by 
oxidation, we should expect that animals which develop no 
lieat would require the smallest amount of oxygen. This is 
"the case with the entozoa of warm-blooded animals, which 
reside in a uniformly high temperature. We know that the 
sntestinal parasites live in a medium which is almost entirely 
iree from oxygen, for the most recent and most careful 
analyses of intestinal gases have demonstrated no oxygen in 
"them. We know that active processes of reduction occur in 
the intestinal contents ; that tliey constantly give rise to 
xkascent hydrogen ; that sulphates are reduced to sulphids, 
and oxid to suboiid of iron. The amount of oxygen taken 
■up by the intestinal parasites must therefore be excessively 

' The figures Eiven for the coaBUmptioQ »r oxjgen in man are derived from 
Uieworkof Pettenkorerand Voit (Z»tic/<r. /. ^iWcv., vol. ii. pp. 436. 4S9 : IS06) ; 
ftkoae for fish from that of Jolyet and Regnard (Arch, dt. Plij/tiol. norm, el polk,. 
mtrie ii. vol. iv. pp. 605, fi08 : 1S77). Tlie remaining figures are from the work 
orB^nault and Beiset {Ann. dc CMm. et de Phyt., vol. xxvi.: 1849). 
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small. It is possible that they attach themselves t^ 
of the intestine and take up oxygea which is diffused Emm 
the tissues of the bowel, before it is taken possession of b;r 
the reducing substances of the intestinal contents. But it 
is also possible that mere traces of oxygen are sufficient fir 
their wauts, or even that they require no oxygen, as is asserted 
of certain bacteria and fungi (compare above, pp. 158,244, note 
3). This question can only be decided experimentally. I have 
made many experiments with the round worm (Ascari* iny*a) 
of the cat, and have satisfied myself that these animals can 
live in media entirely free from oxygen for from four to five 
days, and be extremely active during the whole time.' Wbo- 
ever has seen these movements must be convinced that oxicbtinn 
is not the source of muscular energy in the^ animals. 

The objection might be raised that they have a store of 
oxygen in their bodies, which is but loosely fixed. We muS 
admit this possibility. Ascarides are sometimes found in tbe 
stomach. It is possible that they rise into the upper part of 
tlie digestive tract in order to supply themselves with oxygen, 
But this proceeding has no analogy with what is observed b 
higher animals; as soon as the supply of oxygen is cut off, 
the store contained in the oxyhemoglobin is consumed in a few 
minutes and the animals perish. Ffluger'and Aubert'bave 
certainly shown that frogs may remain alive for several da)"5 
in an atmosphere containing no oxygen, but only at a very low 
temperature, which causes a reduction of the entire metabolism 
of these animals to the lowest point,' If they are left at the 
temperature of the room, they become motionless after a few 
hours ; while ascarides move about most actively at a tempera- 
ture of 38° C. for several days in media devoid of all oxygen. 
I am far from applying to higher animals the conviction 
derived from the observation of these animals, that muscular 
energy is mainly due to processes of decomposition. Intestinal 
parasites, which are constantly surrounded by fiwd-supplies, 
can afford to be wasteful of their potential energies, and only 
utilize that portion of them which is Gonvert«d into kinetic 
energy by mere decomposition. Such a proceeding would *~~ 

' Q. BuDge, Zeiltchr. f.phytiol. Chan., vol. vUi. p. ■ 

' Pfluger. in his Arek., vol. i. p. 313: 1875. 

' Aubert, ibid., to), iiiv. p. 293 ; 1881. 

* As we might & priori expect, we find thnt in cold-blooded IjioikiUitKirmiit) 
aaioiiLU, B riae of the t«mper&tut« of their environineiit oauwB inoreaaed nwtab- 
oliBin and conaumption of ai7gea, whereas the rcTene ii the case in wana- 
blooded or hoiMiiiyCktrmic animals. A critical accouat at the numerous ezperi' 
mentB hj which this ataiemenl haa been estahliahed will be fonnd in ■ papsr bj 
Voit. ZtiUchr. f. Sialag.. rol. iv. p. 67 : 1878. Compare also Max Ruboer, Do 
Bois' Arch., pp. 38, 248: 1B85. 
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puqraseless in the higher animals. I have already mentioned 
the reasons in favor of the view that in the higher animals 
oxygen penetratea tbrougli tlie capillary walls into the tissuea 
(p. 244), With r^ard especially to muscular tissue, we 
have to add an important fact to the reasons adduced : the 
occurrence of hemoglobin in muscle.' Both probability and 
analogy justify the view that the hemoglobin performs the 
same ftmctiona in muacle as in blood, i. e., that of oxygen- 
carrier. 

The amount of kinetic energy, which may develop by mere 
decomposition without oxidation from the chemical potential 
finergies of food, is much too small adequately to explain mus- 
oalar work. Let us first consider the carbohydrates, which 
certainly are the chief source of muscular energy. 

Unfortunately we are not siifiiciently familiar with the 
nature of the process of decomposition of the carbohydrates 
in muscle. It has often been opined that they break up in 
^e first instance into sarcolactic acid." Normal blood in- 
variably contains some lactic acid ; the amount increases in 
tetanized animals, and when blond is artificially passed through 
living and working muscle.' But it appears that the amount 
of lactic acid formed in muiwte is too trifling to allow this proc- 

of decomposition to serve as a source of muscular enei^. 
At any rate, we do not know how much of the carbohydrate 
ID muscle undergoes this decomposition. We do not even 
know whether the lactic acid occurring in muscle is formed 
from the carbohydrates.* It is possible that during work 
diere is not more lactic acid formed in the muscle than during 
rest, but that more is transmitted to the blood. Astaschewsky 
found less lactic acid in the tetanized than in the quiescent 
IDDacle.' The heat-equivalent of lactic acid has never been 

W. Euhne, Vlrcliow'*.4rcA., vol. ixiiii. p. 79: 1866; and Ray Lankelter, 
PflQger'i Arch., vol. iv. p, 315: 1871. These itateiiieiits with regard to the 
DBCiirreDce of hemoRlobin in muitcle have been repentcdlr doubted, but, u it 
^>pian to me, without odeqaBtcgroandB. Fide St. ZAleaki, Ccntralbl.f.d. med. 
VmmtucA., Nos. 5, e : 18S7. The earlier aathon are here mentioned. 

Compare above, p. 313, noM 2, 

VUU P. Spiro, ZeiUehr. f.phi/tiol. Chtm.. vol. i. p. Ill : 1877; Max von 
Ftej, Du Boii'^reA., p. 657: 1885; Gmglio, tWd-.p. 400: 1886; Wi»eokowit»ch. 
ibid., Snppl., p. 91 : 1877 ; and M, Berlinerblau, Areh.f. exper. Fork. v. Fharm., 
' uiii. p. 33.^ : 18H7. 

In &vor of the view that lactic acid arises from the carbohydrate, Ber- 
UnerbUu (toe. eil.) points out that when blood to which glucose or glycogen hu 
been added. i» trtifieially pnued through the mueclca, more lactic acid is formed 
than withont them. Considerable qunntitiea of lactic acid are formed in the 
dying muscle, bnt whence it arises is entirely anknawn. Boehm has shown that 
' ' lot tbnaed from glycogen (Pfluger's Arch., vol. xxiii. p. 44 : 1880). 

AstBBchewBky, ZtiUehr.f.phytiel. Chem., vol. iv. p. 397 : IS&i). 
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determined, so that we are unable to state bow much kinetu 
energy is liberated during lactic fermentation. 

Let us endeavor tu represent to ourselves the unonnt 
of kinetic enei^y which may proceed from the decomposition 
of carbohydrateB, by picturing to ourselves two processes tn 
which the amount of kinetic energy liberated has been exactly 
determined : alcoholic fermentation and butyric acid fermenta- 
tion. The amount of heat liberated during the latter proce.^ 
is larger than in the former, and we may assert that no greater 
amount of heat can be liberated in any of the various processes 
which sugar undergoes in decomposition. For of the three 
products resulting from butyric fermentation (bu^ric acid, 
carbonic acid, and hydrogen), only butyric acid can be fiirther 
broken up, and but little heat can be liberated in this procefa. 
The breaking up of butyric acid into propane and carbooic 
acid Is entirely analogous to the splitting up of acetic acid 
into methane and carbonic acid — a process in which we art 
equally unable to show a development of beat. Taking the 
numbers quoted at p. 62 as a foundation, I have calculated ihe 
combustion-heat of sugar and of its products of decomposil' 
as follows : 



IDOO grms. of enpe-ounr on complete combiution 
to OO, and U,0, jieid ... 3939 ^: i,o/<,uuv 

1000 KTcoE. of gra,p«^ug»r, when tplit up into 

alcohol and CO,, yield 372= 168.100 

1000 grms. of grape-Bunr, when split up into 

batjricMid. CO„«nd H, jield 414= 176,009 

The atnount of work done bj Wisllceniu in as- 
cending the Faulhom in rix boDre amonnted to 148,668 

The amount of work done bj heart and reepink- 
tioD during the name a«cent amounud to . . . 30,000 






Accordingly we see that, had the work done during the 
ascent of the Faulhorn been carried out by the deoompoaition 
of carbohydrates, more than 1000 grms. of carbohydrates would 
have been required in six hours ! This is out of the question. 
On the other hand, 100 grms. of sugar, if completely broken 
up and oxidized, would have sufiSced to execute the work. 
This amount of carbohydrate is always stored up in our muscles, 
besides an equal quantity in the liver. 

I think that my calculation proves that to perform their 
work our muscles not only utilize the kinetic energy liberated 
by the decomposition of the food, but that oxygen also pene- 
trates the protoplasm of muscular fiber, and its affinity to the 
products of decomposition serves as a source of energy. 
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Here we may again refer to the question of the value of 
alcohol as a food. Even if we grant that alcohol is turned 
to account in the body as a source of energy^ yet this store 
of energy is far smaller than that contained in the carbohydrate 
from which the alcohol was prepared. In the fermentation 
of a kilogram of susar, as we have just seen, an amount of 
enetgy iT wasted wUch would serve to carr; a heavy man 
to the top of the Faulhom. We must remember too that 
certain cells of our body can probably only avail themselves of 
the energy set free in the breaking down of food-stuffs^ since no 
free oxygen ever reaches them (compare p. 341). We thus 
see how foolish it is for men to give the nourishing carbo- 
hydrates of the grape-juice and grain to be devoured by the 
yeast-fungus^ while they themselves feast on the excreta of the 
fungus. Fruit berries^ and milk too^ are deprived of all their 
value in this way. 



LECTURE XXIV 

FORMATION OF FAT IS THE AKIMAL BODY 

The question r^arding the origin of fiit in the tiflBaeB of 
the animal body, a most important part of metabolism, remains 
for our consideration. Our views on this subject have under- 
gone constant fluctuations and controversies during the last 
few decades; but we have arrived at the conviction, after 
many and careful experiments, that the fiit in the tissues 
may be formed from all the three chief classes of oiganic 
food-stuffs, viz., fix)m the fiits, the proteids, and the carbo- 
hydrates. 

From the comprehensive literature on the formation of fitt^* 
I shall select those works which constitute the firmest basis of 
our present knowledge of this subject. 

It was long doubted whether the fat of the tissues was 
derived from the fat of the food ; chiefly on the grounds that 
fat, being absolutely insoluble in water, could not as soch 
penetrate the intestinal wall, and that it would previously 
have to be converted in the bowel into a soluble soap and 
soluble glycerin. The view that glycerin and fiitty acids 
might again unite in the tissues on the other side of the 
intestinal wall was opposed by the belief that no syntheses 
could occur in the animal body. We have seen that both 
these objections have now been overcome ; we know that 
all kinds of synthetic processes occur in the animal body, 
and that neutral fat does pass through the intestinal wall. 
Now, if fat globules permeate the tissues of the intestine, 
why may they not pass through the walls of the capillaricB 
and through all the organs of our body ? A priori therefore, 
there is nothing opposed to the view that the fiit of our tissues 
is derived from the fat of our food. Franz Hofinann' was the 
first to give experimental proof that this is the case. 

^ Voit supplies an interesting survey of the older literature on thia aabjeet. 
" Ueber die Fettbildung im Thierkorper," ZeiUchr, /. Biolog,, vol. ▼. p. 79 : 18». 
Compare also " Ueber die Entwickelung der Lehre von der QueUe der Mofkel^ 
kraft und einiger Theile der Emahrung seit 25 Jahren/' ikid,, yol. yi. p. 371 r 
1870. 

» Fran* Hofmann, Zeitschr,/, Biolog., vol. viii. p. 163 : 1872. 
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Hnfmano deprived a dog of all fat by starving bim for 
thirty <!a_vp. We are able to det«rmine the exact period when 
all the fat that is stored id the tiesiiea ia consumed. We 
have already seen that a starving animal at first lives mainly 
npon its store of glycc^en, and subsequently upon its fat. 
It uses the greatest economy with regard to its proteid. 
That very little of the latter is decomposed ia shown by the 
minute excretion of nitrogen, which at first falls, and then 
remains almost permanently the same. It is only after a 
longer period, which may vary from the fourth to the fifth 
week according to the original amount of fat, that a sudden 
rapid increase takes place in the excretion of nitrogen. This 
is the period at which the store of fat is used up, and when the 
animal commences to depend exclusively upon its store of 
proteid. The animal will now speedily perish. If the animal is 
killed at the time when the sudden increase of the nitrogenous 
excretion occurs, all the organs and tissues are found to be 
deprived of fat. If it is killed earlier a certain amount of fat 
IB still found.' 

Armed with this knowledge, Hofmann was able to determine 
when his star\'ing dog was free from all fat. He now fed bim 
OD a diet containing a great deal of fat and but little proteid, 
vie., bacon and a small quantity of meat. The amount of 
proteid and fat in the fwd had been accurately estimated. 
After five days the animal was killed, and the amount of fat 
nod proteid remaining in the intestine, as well as the fat in 
the whole body, was measured. It was found that during the 
five days the dog had absorbed 1854 grms. of fat and 254 grms. 
of proteid, and had deposited 135.3 grms. of fat in his body. 
This large amount of fat could not have arisen from the proteid. 
It follows therefore that the fat of the fiwd had been deposited 
in the tissues. 

Pettenkofer and Voit ' obtaineil the same result by a dif- 
ferent method. They fed dogs with fat and a little meat, 
and by the use of the respiratory apparatus they measured 
die total income and output. Their experiments showed that 
all the nitrogen consumed was reexcreted, but not all the 
carbon. A very large proportion of the carbon was retained. 
It was to be inferred that a n on -nitrogenous compound bad 
been stored in the tissues, and this could be nothing but fat, 
because there is no other non-nitrogenous compound which 



•apply of fat is 

• Petlenkofcr and Voit, ZtiUthr. /. Bivlag., vol. i 
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is met with ia the tissues iu such large quantities. The &t 
de{>otiited in the tissues could not be due to the decomposed 
proteid, as its amouDt was proportionately too large. It wm 
possible to calculate with precision how much proteid had 
been decomposed by the quantity of nitrogen excreted. The 
masimum amoimt of fat formed from the decomposed proteid 
could be calculated on the assumption that the nitrogen had 
been separated from the proteid molecule as urea. The amount 
of fat resulting from this calculation was much less than that 
actually found in the body ; it was therefore evident that this 
must be derived from the fat of the food. 

We must DOW inquire whether it is only that portion of 
the fat of food which is absorbed unaltered as a neutral 
glycerid that can be stored up in the tissues, or whether that 
part which is split up in the intestine (compare pp. 164-166) 
can also be regenerated and assimilated. 

Munk ' has recently performed the most careful investi- 
gations ti> determine this question. He showed, in the first 
instance, that free fatty acids are absorbed from the intestme 
in large quantities as neutral fats. If free fatty acids are 
shaken up with a dilute solution of alkaline salts, a small 
portion of the fatty acids is saponified, the remaiuder is emul- 
sitied ; the same takes place in the intestine. Dogs, after the 
consumption of a large quantity of free fetty acids, ejihibited 
only a very small portion in their feces, but their chyle-ducts 
were full of a white emuUion. 

The same inquirer also ]jroved that free fatty acids exercise 
the same economizing elfect ujion proteids as neutral fats. 
A carnivorous animal, in order to maintain its body weight, 
requires nearly one-twentieth of this weight daily of lean 
meat.* A dog weighing 25 kgrms. consequently requires 
1200 grras. of meat. If we give him less, he excretes more 
nitrogen than he cousumes, and he feeds upon the proteids 
of his tissues. But if we add fat to the meat of hta food, 
the dog, although consuming leas meat, maintains his nitro- 
genous equilibrium.' Mnnk established the nitrc^enoua 
equilibrium in a dog weighing 26 kgrms. with 800 grms. of 
meat and 70 grms. of fat, and then showed that this equi- 
librium remained the same if, instead of the 70 grms. of lat, 

' Immaanel Hnnk, Da Bois' Areh. /. Phytiot., p. 371 : 1879; uul p. 173; 
1S83: Viruhow'B JrcA., toI. Ixxi. p. 10: IBSO : &nd vol. xct. p. 407: IS31. Tte 
Mrller literalure ii here quoted. 

* Biddrraud Scbmidt, " Die Verdsuaogssafte and der StoflimliMl." p. 
MitAU and Lejpug, 18S3 ; Pettenkofer nod Voit, Ann. d. Chtn. 
Supp]., ii. p. 361: 18(12. 

> Monk, Virehow'a Areh., vol. liti, p. 17 : 18S0. 
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he gave the dog, with the same amount of meat, the free 
fattj acids obtained from the 70 grms. of fat. In a second 
esperimeot, the nitrogenous equilibrium was produced in a 
dog weighing 31 kgrma. with 600 grms. of meat and 100 
Lvrms. of fat, and this was maintained when subsequently the 
wee fatty acids of 100 grms. of 6it were given him with the 
same amount of meat for three weeks. 

The important fact has further been determined by Munk ' 
that, after feeding with free fatty acids, only a very small 
quantity of fatty acids and soaps, but much neutral fat, was 
contained in the chyle. He fed dogs with meat and fetty 
acids, and introduced a cannula into the thoracic duct ; a few 
hours later, he det«rmined the amount of chyle flowing out, 
and the quautity of neutral fat, fatty acids, and saponified 
tnatter contained in it. He found that, in the same time, 
from ten to twenty times more neutral fat passes through the 
thoracic duct than during the digestion of pure prot«ids, while 
the amount of soaps remains unaltered, Tlie proportion of the 
free fatty acids generally reached only to between one-twentieth 
and one-tenth, in one case less than one-thirtieth, of the neutral 
&ts. It follows that a synthesis of fatty acids with glycerin 
takes place during the passage from the intestinal surface to 
the thoracic duct.' We have no precise information as to the 
locality where this synthesis is effected. It may be in the 
epithelial cells, in the adenoid tissue of the intestine, or in 
ibe lymphatic glands of the mesentery, A preliminary com- 
munication made by Ewald* shows that this synthesis also 
occurs in the intestinal mucous membrane after it has been 
excised. 

We do not know the source from which the glycerin arises 
,t is necessary for this synthetic process. At all events, 
unk's experiment proves that the glycerin in the fat of our 
body need not always be derived from the fat of our food ; it 
may possibly result from the breaking up of the proteids and 
carbohydrates. 

We must confess that the fate of the glycerin in our body 
18 entirely unknown to us, and at preseut we are unable to 
ly what becomes of the glycerin which is separated in the 

' Munk. Virphow'a AnH., vol. Ixii. p. 28. rt »eg.; iHdO. 

■O. Minkowski {Arch. /. riprr. Path, u, Pharm.. vol. iii. p. 373: 1886) 

■ anived lit the aaioe reanlt. He had the opportunitj nf experimenting on ■ 

Mticul altering from extreme ascites, the reaalt of » ruptQre of a cbTle-venel. 

ft. large quantity of chyle «aa obtained by puncture. After admiolsteriiiE to thii 

jatient free emcic acid, tbe neutral glycerid of this acid wai detected io the 

* 1, A. ZnM. Du BoiB' Arch., p. 303 : 1883. 
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intestine from the &t. If .a large quantity of glycerin is 
introduced into the stomach of a man or a dog, diarrhea oocors, 
and of the glycerin that is absorbed a portion passes unaltered 
into the urine.^ Smaller quantities do not produce such con- 
sequences; in the dog, the proportion ou^t not to exceed 
1.5 grm. to 1 kgrm. of weight. 

Finally, Munk has given definite proof that the &t 
synthetically formed is also stored up in the tissues of the 
body.^ A dog weighing 16 kgrms. was rendered almost 
devoid of fat by starvation for nineteen days, during which 
time he lost 32 per cent, of his original weight. In the 
course of the next fourteen days the dog consumed 3200 
grms. of meat, and 2850 grms. of &tty acids prepared from 
mutton &t. With this diet, its weight rose again by 17 per 
cent. The animal was now killed, and showed an enormously 
developed panniculus adiposus; there was a copious deposit 
of fat in the intestines, and a well-marked &tty liver. The 
deposit of fat removed by scalpel and scissors yielded nearly 
1100 grms. of fat that was solid at the temperature of the 
room, and only melted at a temperature of 40^ C. while normal 
dog's fat is semi-fluid at 20^. It follows that the fisitty acids 
which had been introduced were deposited after combiniog 
with glycerin that had formed in the body. If the deposit 
of fat be attributed to an economizing influence, exercised 
by the fatty acids introduced, and all the fat deposit be 
r^arded as entirely originating from the proteid, it is not 
intelligible why mutton &t was deposited instead of normal 
dog's fat. 

In a second experiment,^ Munk fed a dog, which had been 
deprived of fat by starvation, with colza oil. In this case 
four-fiflhs of the fat deposited in the organs were liquid at 
the temperature of the room ; when warmed to 23^, the whole 
of it melted ; and at 14^ a granular crystalline sediment formed. 
This fat contained 82.4 per cent, of oleic acid, and 12.5 per 
cent, of fixed acids; whereas normal dog's fat yields on an 
average only 65.8 per cent, of oleic and 28.8 per cent, of solid 
acids. In addition to this, erucic acid (C^jH^^Oj), which is an 
ingredient of colza oil but absent from animal fat, was proved 
to be present. 

Previous to Munk, two similar experiments had been 

^ 6. Luchsinger, " Ezi>erimen telle und kritische Beitrage zur Physiologie 
UDd Pathologie des Glycogens.'' Inaug. Dissert., p. 38, et §eq.: Zurich, 1875; 
Munk, Virchow's Arch., vol. Ixxx. p. 39, et seq, : 1880; Amschmk, Zeitsehr, /. 
Biolog., vol. xxiii. p. 413 : 1887. 

» J. Munk, Du Bois' Arch., p. 273: 1883. 

* J. Munk, Virchow's Arch., vol. xcv. p. 407 : 1884. 
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carried out by Lebedeff' witli the same result in two dogs, 
one of which had been fed with linseed oil, the other with 
mutton fat. The fat in the tissues of the former did not 
congeal at 0°, the fat of the latter had a melting-point at 
above 50°. 

All these experiments prove conclusively that the fat of 
food is absorbed and deposited uucbanged. 

We will now consider the second point as to whether fat 
is formed from pkoteid in the animal body. As fat takes 
the place of proteid in the cells and fibers in cases of fatty 
d^eneration, we should suppose that fat necessarily proceeds 
from this source. But this fact cannot be interpreted as 
absolute proof of the origin of fat from proteid. We must 
not forget that in the living body there is a constant nutritive 
interchange going on directly or indirectly between all the 
tissue-elements. It is possible that in cases of fatty degene- 
ration the proteids or their decomposition-products may pass 
away from the degenerating ti&sues, and be replaced by fat or 
ita components from other tissues. 

Ad exact quantitative examination of the total metabolism 
during a process of fatty defeneration, such as occurs in 
phosphorus-poisoning in which all parts of tlie body are 
rapidly involved, would show whetlier fat arose from proteid 
or not. The most careful investigation of this process was 
carried out in Voit's laboratory at Munich by J. Bauer.' He 
estimated the output of nitrogen and carbonic acid and the 
income of oxygen in fasting dogs. He then poisoned them 
with phosphorus, which was either given them by mouth in 
email doses spread over several days, or subcutaneously in- 
jected dissolved iu oil. The consequence was that double the 
amount of nitrogen was eliminated,' and that the amount of 
carbonic acid excreted and of oxygen absorbed, dropped to 
one-half. The nitrogen from a large amount of proteid there- 
fore was split off with a small quantity of carbon by the action 
of the phosphorus ; a remnant free from nitrogen remained 
nnconsumcd in the body. If the animals died a few days tifter 
tiie administration of phosphorus, a post-mortem examination 

•A. Lebedeff (Salkoweki's Uboratorr in Berlin), Mtd. Cmlralbl., No, 8: 
1863. 

• Jm. Bnaer. ZeiUchr. /. Biolog., vol. vii. p. 63 ; 1871 ; and vol. liv. p. 527 : 
1878, 

*Tbe iocreue in the cicretioD of nitrogen after phoHphorai-poieoniiig wai 
ibown before Bnuer bj O. 8l«rch, "Den scul* PhosphorforxiftninK," Ac, 
Dissert. : SjubeDhaTii, 1865. Paul Caicneuve tins conGrmed Sloreh'B and 
Bauer's rsiutU in the Stvue mfitnulte dt Mtdie. et di Chirurg., vol, iv. pp. 2SS, 
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showed all the organs to be in a state of fatty d^eneratioii. 
In one case, the dried muscles contained 42.4 per cent., the 
dried liver 30 per cent, of &t, whereas only 16.7 per cent, was 
found in normal dried dog's muscle and only 10.4 per cent in 
normal dried liver. Fat was therefore formed from proteid in 
phosphorus-poisoning. It cannot be objected that the fitt had 
passed in from the fiitty connective tissue in the mascles and 
in the liver, because the dog had been starved for twelve 
days before the commencement of the poisoning, and died on 
the twentieth day of starvation. But experience has shown 
that in dogs all fat visible to the naked eye disappears {torn 
the subcutaneous cellular tissue and the mesentery after twelve 
days of starvation. 

Arsenic and antimony, which are chemically so closely 
related to phosphorus, seem to operate in a similar manner. 
They need not however be administered as free elements, as 
they also, when in the oxidized condition, cause increased 
elimination of nitrogen and fatty d^eneration of the organs.^ 
We are at present unable even to suggest an explanation of 
this action. 

The experiments with phosphorus-poisoning only prove the 
origin of fat from proteid under these definite abnormal con- 
ditions. The question is whether this conversion likewise takes 
place under normal circumstances. 

The following simple experiment made by Franz Hofinann' 
on fly-maggots, undoubtedly proves that fat does arise finom 
proteid under normal conditions. It is an easy matter to 
collect, free from impurity, the ^gs of the Musdda vomitoiria^ 
which are laid in heaps on a corpse in the summer-time. 
Part of the ^gs so obtained was employed by Hofniann to 
estimate the amount of fat; the other part was allowed to 
develop on blood. The fat in the blood was also determined. 
After the maggots were full-grown, the fat in them was like- 
wise ascertained. It was found that there was ten times as 
much fat in the full-grown maggots as in the eggs and blood 
together. For instance, in one experiment, 0.02 grm. of eggs 
containing 0.001 grm. of fat developed in 52 grms. of blood, 
which had 0.017 grm. of fat, the full-grown maggots contain- 
ing 0.201 grm. of fat. This can only have been formed ftom 
the proteid of the blood ; it cannot be referred to the sugar of 

^Gahtgens, Ceniralhl.f. d. med. WU9entch.,p, 529: 1875; Kooel, Areh.f. 
exper. Path. u. Pharm,, vol. v. p. 128: 1876; Gahtgens, ibid., ▼ol. Y. p. 8S3: 
1876; and Centralbl, /. d, med. Wisteneh., p. 321: 1876; and Salkowaky, 
Virchow'8 Arch.^ vol. xzxiv. p. 73: 1865. 

' Franz Hofmann, ZeU$ehr,f, Biolog,, vol. viii. p. 159 : 1872. 
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Idifi b]ood, for 50 grms, of blood geldom contaiiiB more than 
0.07 grm. of sugar, and even this far too small a quantity must 
have decomposed verj' rapidly; besides, the maggots had not 
consimied nearly all the blood. 
From the following experiments on dogs, Pettenkofer and 
Voit' came to the conclusion that fat may be formed from 
proteid in mammals with a normal dietary. They fed them 
on lar^ quantities of lean meat, and with the help of the respi- 
ratory apparatus they determined the total income and output. 
It was found tliat all the nitrogen, bnt not all the carbon, of 
the meat reappeared in the excretions. In one experiment,^ 
for instance, in which a dog of .34 kgnns. weight ate 2800 
grms. of meat, the whole of the nitri^en was eliminated, 
against only 271 grms, of the carbon, of which 313 grms, 
had been taken ; 42 grms. were therefore missing. These 
remained behind in the body as a non-nitrogenous compound, 
and moreover, as Pettenkofer and Voit concluded, in the form 
of fat. It may be objected that this compound may have 
been glycogen just as well as fat. The amount of glycogen 
stored in the body of the caroivora is by no means inconsider- 
able, and varies widely. Bohm and Hofmann^ found it 
amounted from 1.5 to 8.5 grms. per kilogramme of a cat's 
weight. The 42 gnus, of carbon correspond to about 100 
grms. of carbohydrates. If therefore we assnme that the 
former are stored in this form, there must be an increase of 

|glyc(^en amounting to 3 grms. per kilogramme of the body- 
weight, which does not appear impossible. But we ought 
cot to fot^et that this increase of glycogen must take place 
in one day ; the animal had had the same food on the previous 
day, therefore so great a change in the amount of glycogen 
was not very probable. But the experiraents must be con- 
tinued over a longer time before this point can be definitely 
settled. It might however be decided in another way, i. e,, 
if it were possible to make an exact comparison of the income 
and output of oxygen. The difference in the amount of 
oxygen in fat and glycogen is very considerable. It must 
therefore be possible to determine the form in which carbon 
IB stored up from the quantitj' of the oxygen remaining in 
the body. But at present we have no method of directly 
estimating the amount of oxygen in food, and even the iu- 

■Pettrnkofer and Voit. Liebig'e Annal.. Suppl. ii. p. 361 : ISflS ; Zrilstttr. 

t/. Bioloff.. vol. Ti. f. 377 : 1870; ruid vol. rii. p. 433: 1871. 
• Ibid.. roLvii. p. m-. 1871. 
I Bohm uid Hofmuin, Arch. /. taper. Path, u, Pharm., vol. viii. p. 390: 
187B. 
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spired oxygen is calculated, accordiDg to Pett^tkofer'a d 
from the difference. 

One more objectioa may be raised to the experiment made 
br Pettenkofer and Voit, i. e., that the meat was not qaite free 
from fat and carbohydrates. The formation of fat from 
proteid in the organittm of the mammal under normal con- 
ditions has therefore not yet been decisively proved,' But it 
b however highly probable, because it is certainly the case 
with the lower auimaU under normal circumstances, aad 
with mammals under pathological conditions. Moreover, it 
may be adduced in favor of the normal formation of fat 
from proteid that, as we have already seen (p. 34o), gly- 
cogen owes its origin to proteid, and fat to glycogen, and in 
&ct to any carbohydrates, as will be shown directly. No 
chemical explanation of the formation of fat from proteid can 
at present be offered. However, the process must not be re- 
garded as of so simple a nature that the fat is immediately split 
off from the gigantic proteid-molecule as a preformed radica!- 
Profbond decompositions, metamorphoses, and consequent syn- 
lb»es are going on, of which we cannot at present form even 
a conception. 

We now come to the third and last point, as to whether 
the CARBOHYDBATES are converted into fat in the animal body. 
From the numerous experiments made on this subject, we 
wil! select the following, as being perfectly reliable in their 
results. 

X, Tseherx'insky ' made his experiments with young pigi. 
In one he used two of ten weeks old from the same litt«r, 
Xoi. I weighing 7300 grms., and No. 2 7290 grms. It would 
thwefbre be supposed that each had about the same proportion 
of Gu and proteid as the other. No. 1 was killed, and all the 
Skt in the body was estimated, as well as the nitrogen, from 
whivfa the maximum of proteid was determined. No. 2 was 
th«i fed on barley for four months. The barley was analywd. 
vhI an account was kept of the barley consumed. The 
MHHtint of undigested fat and proteid was also estimated by 
Majyyb of the excretions ; and in tliis way, the quantih* of 

^TW nMiU»( uperiments quoted in favor of the view that fat i> fomiel 
4NW ftMM H« tikvwisc incoDclusive. Compare Subtbotin, Vimhow's Arci.. 
Wli.lI^'ii.f.Mt: IMC: »a<lKeiBaiencb,Cenlralbl./.d.mfd.Wi4ietuch..p.m 
WW. «Mlr>IK- IS^- Ctompue mlBO Pfluger's criticiam of Voit'i experimeDtt. 
rMcwt JM<fc„ <r«). K. pp, IW Mid m : 1S91. 

' X. TMnrctawky, Lmititm. VeriKkalatioii/^, vot. ixii. p. 317: 1883. Ei- 
1f»*< * »>i»fc rf » •iMi)*r rhancMr bj other autbore led to the nme nsulu (F. 
««ivxMift.**~ - - - - 



. ... ... t^4, I m itdim i rUtetuiftiulien t'treint inJayera, Aogum-Hefl, 1881 ; 

K Ai4i«Ani U**<». AiAr*.. I. 5T: 1882; St. Chamswiki, ZrtUehr. /. Bii>l»g~ 
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F tteae two aubstaaces absorbed by the antnial in the four 
months was ascertained. The animal, whose weight had in- 
I creased to 24 kgrms., was now killed, and the proportiou of 
I proteid and &t in the whole body determined. 



, 2.52kgrmB. proleid, and 9.25 kgrms. (bL 



Thus there were added . 1.66 

Taken up witli ihe food . 7.49 
DiHerence . . . — 5.93 



+ 7.9 



Thus 7.9 kgrms. of fat had been added in the body — an 
amount which wuld not have originated from the fat of the 
ibod ; of this only the smallest portion could have arisen 
from the 5.93 of the pr()t«id that wa.s derived from the food, 
and was not deposited in tiie form of proteid. At least 
5 kgrms. of fat must therefore owe its origin to the carbo- 
hydrates of the diet. This is so large a proportion as to 
refute all doubts, and particularly the objection that the 
identity in the amount of fat and proteid in both animals, 
Upon which the whole experiment rests, as ao arbitrary 
assumption. 

A diSerent method was adopted by MeissI and Strohmer,' 
They fed a one-year-old Yorkshire pig (a good fattening 
bre«l), weighing 140 kgrms., for seven days upon rice, which 
is poor in fat and proteids and rich in carbohydrates. Two 
kgrms. were administered to the animal every day. The 
rice had been analyzed ; the urine and feces were collected 
and also analyzed. On the third and sixth days of the 
experiment the animal was placed in Pettenkofer's respira- 
tory apparatus, in order to determine the excretion of carbonic 
acid. The result was that 289 grms. of the carbon daily in- 
gested, and 6 grms. of the nitn^n, were retained in the body : 
38 grms. of proteid with 20 grma. of carbon correspond to die 
fi grms. of nitn^n. It follows that 269 grms, of carbon must 
have been daily retained in tlie body as fat. It is impossible 
that so large a quantity of carbon could every day have been 
stored up as glycogen. How then was this quantity of fat 
formed? Of the daily food, 5.3 grms, of fat and 104 grms. 
of proteid had been digested ; of the latter, 38 grms. had been 
deposited. The remaining 66 grms, of proteid and the 5.3 
grms. of fat cannot have yielded the 263 grms. of carbon 

1> E. Heiwl and F. Strohmer, ^mnftber. d. t. Akad. d. Wiifnach. I'n Wim., 
vol. lixsriii.. Abtb. III., Jali-Hefl, 18S3. 
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necessary for the deposit of fat, n-hich must therefore be derived 
from the carbohydrates. 

It has of^n been asserted that the formatioo of fat from 
carbohydrates takes place onlv in herbivont and omnivoTa, 
and not in camivora, I therefore briefly mention thefollowiug 
experiment, which Rubner,' with the help of a respiratoiy 
apparatus, made on a dog. The animal, after fasting two 
days, was fed on cane-sugar and starch. A large qnaniity of 
carbon was retained — much too lai^e, in feci, to be accounted 
for by the deposit of glycc^cn ; it follows that fet had beea 
formed from carbohydrates. 

The formation of fat from carbohydrates offers a complete 
enigma to the chemist, and, more than anything else, proves 
that the synthetic processes occurring in the animal cell are 
as complicated as those in the v^etable cell. 

Many attempts have been made to utilize our knowledge 
with r^ard to the fommtion of fat, in order to determine the 
causes of corpulency in man, and the means of counteracting 
and preventing it. The error has been committed of attribat- 
ing the cause of obesity to too ample a diet, or even to u 
unsuitable combination of food, such as a diet with an excessive 
proportion of carbohydrates or of fat 

It is both right and natural for a man to eat whatever be 
likes and as much as he likes, and, if he otherwise leads a 
healthy life, this system does not conduce to corpulency. 
Why should we accuse a normal function of being the canse 
of a pathological process? Obesity is in all cases due to 
insufficient employment of the muscles. A person taking 
bodily exercise does not become fat, whatever form of diet be 
adopts. I quite admit that the tendency to corpulency may 
vary considerably in different people; but this only shows that 
the organs which constitute half the weight of the body may 
not be suffered to become atrophied with impunity in every 
case. There is no such thing as a disposition to 6toutn«ffi 
which may not be overcome by muscular work. Show me ■ 
single fat field-laborer ! It cannot be said that all theve 
people are badly fed ; many of them are as well nourished as 
it is possible to be, and their diet is certainly never poor in 
carbohydrates, nor often in fatty matter. 

It is well known that the deposit of fat is encouraged by 
tlic use of alcohol, for which we are at present unable to give 
a satisfactory explanation. It readily suggeste itself that alco- 
hol, as a very combustible substance, exercises an economizing 
effect upon organic articles of diet, which are all capable of 
' }i»x ^ahDtr, Zeitte/ir. /. Bieloff., Tol. iiii. p. 373: liffi 
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being converted into fat. But it is possible that alcohol pro- 
motes the formation of fat^ in the same way as we have seen 
with other poisons^ such as phosphorus, arsenic, and antimony 
{vide supra, pp. 120-121 and 363-364). In a great measure, 
the influence of alcohol on fat-formation may be attributed 
to the paralyzing influence it exerts upon the human brain, 
causing indolence and indisposition to bodily exertion. The 
therapeutics of corpulency are therefore very simple : the 
patient must be prohibited the use of all alcoholic beverages, 
and he must be required to take exercise. In many cases, to 
forbid alcohol is all that is required. If the heart however 
already shows signs of weakness and &tty d^eneration, it is 
necessary to be cautious in ordering muscular exercise, and 
not to advise sudden and violent exertion. Corpulency should 
not be met by a so-called short cure, such as mountaineering 
during a few weeks in the year. The cure should last as long 
as life, and should merely consist in putting the muscles to 
their natural use. That however is the very thing the wealthy 
patient will not do, any more than he will renounce his alcohol. 
Physicians therefore have devised the most extraordinary 
methods for reducing fat, by which possibly some thousands 
have been cured to death. The absurdity of all these cures 
consists in trying to substitute one abnormality for another. 
The physician endeavors to compensate for insufficient muscular 
work by insufficient nourishment, or by a badly composed 
diet, or even by causing an imperfect digestion of the food 
(through administering saline purgatives) ; in other cases, he 
permits the continued use of alcohol while withdrawing the 
carbohydrates and fats. 

If the first irr^ularity be entirely and permanently over- 
come, it is unnecessary to interfere in any other way with the 
natural course of the vital functions. 
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The amouDt of iron contained in the adult human body is 
not accurately known. We can only estimate it approximatelj 
from the quantities which I have found in the total organism 
of small mammals. ^ 



Qg.Fe ) 
II (< j 



A moiise coDtains 100 mg. Fe 

A guinea-pig ** 52 *' " V per kilo, bodj-weight. 

A rabbit " 46 



It thus appears that animals are relatively poorer in iron as 
the body-weight increases^ and that we muist therefore reckon 
not more than 46 mg. Fe per kilo, in man. The amount of 
iron in a body weighing 70 kilos, would therefore be 3.2 gr., 
and this is a maximum value. A minimal estimate may be 
computed from the amount of iron in the blood. According 
to BischofT, our body contains 7.1-7.7 per cent, blood, and in 
the blood, according to C. Schmidt, the iron amounts to' 
0.049-0.051 per cent. Hence the in)n in the blood of a man 
weighing 70 kilos, may be reckoned at something betweai 
2.4-2.7 gr. and therefore the total amount in the body must be 
between 3.2 and 2.4. This iron is chiefly contained in the hem- 
oglobin of our blood. We have therefore to inquire : From 
what is the hemoglobin formed? It does not exist in the 
fiH>d of most vertebrates, except in the case of those camivora 
and omnivora which live upon other vertebrates. Among the 
iuvertobratos there are only a very few which contain a small 
quantity of hemoglobin in certain tissues. The majority of 
the vertebrates must therefore form their hemoglobin from 
(ither c<>mj>ounds of iron, the nature of which we will now 
ci>n siller. 

I ntil recently little investigation has been made on this 
subji\»t. As oxid of iron was found in the ash of all articles 
of diet, it was assumed that hemoglobin, which is well known 
to he a ci>miKiund proteid, was formed by synthesis from oxid 
of inui and pn>teid. 

It isdilficult to understand how such a theory could have 
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universally adopted at a time when Liebig's doctriDe of 
the universal aiitithesia in the metabolism of plants and animals 
prevailed. Aa is well known, Liebig had taught that STnthetic 
changes could only be carried out in plants, the animal body 
being able to effect only disint^rative changes. It is true 
that this theory was shortly afterwards overthrown by KohleHs 
discovery of the synthesis of hippuric acid in the animal body. 
But hippuric acid is relatively a very simple compound ; it 
contains only 9 atoms of carbon in the molecule, whereas 
hemoglobin has at least 700. It is therefore inconceivable 
how anyone could ever imagine that such a complex com- 
pound could be produced in our body ; that moreover the 
inoi^anic iron should combine with its .'12 atoms of carbon 
to form so stable a compound as bematin, which is united 
with proteid in the hemoglobin molecule. The iron cannot be 
sep^^ted ii-om the hematin even with the strongest reagents. 
It cannot be detected* tn the hematin by means of ammonium 
ilphid ; it is not split off on boiling with alkalies or most 
flKids. 

The universal acceptance of this doctrine concerning the 

ithcsis of hemoglobin from oiid of iron and proteid would 

quite incomprehensible were it not for the success which 

physicians think they have achieved in the treatment of chlorosis 

by the administration of inorganic preparations of iron. In 

chlorosis the amount of hemoglobin in the body is diminished ; 

after iron salts have been taken it is increased. Hemoglobin is 

L as iron compound. What could be more natural than the con- 

■ elnsiou that the iron administered was used to form the bemo- 

H^lobin ? Nevertheless this couclusion seems to have been 

Rtrroneoos. 

B later investigation has shown that the iron given by physj- 
Vei&ns in chlorosis, with the object of making hemoglobin from 
it, is probably not absorbed at all. 

So far as I am aware, the first experiments which threw a 
doubt upon the absorbability of preparations of iron were pub- 
lished by Vincenz Kletzinsky' in 1854. His communication 
however is short and lacking in precision ; the figures appear 
80 little trustworthy that no notice was taken of the work. 
It was quite unknown to me at the time that I undertook my 
experiments on iron. Kletzinaky found that, in seven ex- 
perimeal« on himself, metallic iron, oxid of iron, sulphid of 
iron, iodid of iron, acetate, lactate, and malate of iron could 
be recovered without loss from the feces. The same result 

I, Wien., Jatirgaug 10, 
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was obtained from careful experiments carried out by E. W. 
Hamburger ' witli ferrous sulphate on the dog, and by Marfori ' 
in Schmiedeberg's laboratory with lactate of iron on the same 
animal. 

The inorganic preparation of iron administered by tlie 
mouth does not enter into the urine, which in a normal stale 
contains an inappreciable quantity of this substance. In ei- 
periment^ on animals in which inorganic compounds of iron 
were given internally, the amount of iron in the urine rose 
slightly only if the doses were so large or were continued so 
long as to render it probable that the intestinal epithelium was 
inflamed.* 

We might conclude from these researches that inorganic 
preparations of iron are not absorbed from the normal intestine. 
But there is still an objection which must be refuted, viz., the 
possibility that the iron taken may be absorbed, but may be 
again excreted in the intestine. This objection has the more 
weight owing to the fact that the iron absorbed from the food 
and set free in the normal process of metabolism takea thi^ 
path. This may he seen in fasting animals. The iron vliicb 
appears in the feces of fasting animals cannot come from on- 
absorbed iron, but must have been excreted into the intestine. 
Bidder and Schmidt* found 6 to 10 times more iron in the feces 
than in the urine of fasting cats. The same result was obtained 
in recent experiments on the metabolism of fasting men ; 7 to 8 
mg. iron were found daily in the feces.' 

As regards the path by which the iron reaches the intestine, 
we can only say with certainty that it is not by way of the bile, 
since the latter contains almost unweighable amounts of this 
substance. It ia therefore probable that the main bulk of the 
iron is eliminated through the intestinal wall. The justice of 
this assumption is most clearly shown by an experiment of 
Fritaj Voit.' In the dog he isolated a length of small intestiiie 

' E. W. Hamburger, Zdfehr. /. phyiiol. Chtm., vol. ii. p. 191 : 1878. 
'Pio Marfori. Arch. /. exper. Palh. u. Fharm., vol. iiji. p. 21S : 1898. 

* In man; or the most recent experimenU on the admin istrstion of inorganic 
Ibrma of iron, this substance has been found in larger quantities in the inteatintl 
wall, in the liver, lu the chyle, Ac. But in all these cases the small animala wen 
given too large auinnnts at iron in proportion to their body-weight. Vidt H. V. 
F. C. Woltering, ZtilKr/ir. f. phtitiol. Chem.. vol. xxl p. 166 : 1895 ; J. Qasl*. 
DeuUeh. ntd, H'acAeiMeAr. , Nob. 19 and 34: I89S; W. S. Hall, Areh. /. Anat. 
M. Phyiiol., p. *9: 1896; Hochhaua n. Quincke. Arch, f. acprr. Path. b. 
Phnrm.. vol, xMTli. p. 159: 1896. 

* Didder n. Schmidt, "Die Venlannngsaafte n. d, Stoffireebael," Mitao a. 
Leipaig, p. 411: 18B2. 

»C. Lehmann, Fr. Mueller, J. Munk, H. Senator n. N. Zanu, Virehowi 
Arch., vol. oiiii. Suppl., pp. IS and 67 ; 1893. 

•FrittVoit, .ZfideAr./. £i(tii>j., vol. iiii, p. 325 : 189S. 



ftnth the same procedure as in Thiry's experiment (see p. 172), 
the only difference being that after the isolated piece of intes- 
tine had been cleansed, bolh ends were sewn up ; the piece of 
intestine was then replaced, and the abdominal wound closed. 
The animals were fed upon meat for three weeks, at the end of 
which time tliey were killed, and tlie iron was estimated both 
in the contents of the isolated length of intestine and in the 
&ces which had been formed in the remaining part of the intes- 
tines during the period of the experiment. Per unit area of 
loucouB membrane, as much iron was found in the isolated coil 
in the feces obtained from the remaining intestine. 

If reduced iron were added to the meat diet, the proportion 

iron in the contents of the isolated piece was not increased. 
From these experiments Voit concludes that the iron contained 
in normal diet is absorbed by the intestinal wall, and again 
«xcreted through the intestinal wall ; and that, on the other 
Iiaad, the inor^uic preparations of iron administered artificially 
.axe not absorbed to any appreciable extent. 

The objection to this last deduction is that the inorganic 
iron when absorbed may be eliminated only in certain sections 
of the intestinal tube, and that this particular isolated jwrtion 
did not have that power. This question may therefore be re- 
garded as still undecided. 

But if we accept the conclusion that the inorganic forms of 
iron are not absorbed, it follows that our food must contain other 
combinations of organic iron,' which are assimilable and serve 
the precursors of hemoglobin. I have sought to discover the 
iture of these compounds, using tbe yolk of egg as the basis 
Ibr my experiments.' Yolk of egg does not contain any 
hemoglobin ; but it must coatain a precursor of this substance, 
since hemoglobin is found in the egg during incubation without 
the introduction of any material from without. I succeeded in 
isolatiug this precursor in a quantity sufficient for an exact re- 
'Search. If the yolk of hens' eggs be extracted with alcohol 
and ether, no iron passes out with the extract, but remains in 
itbe residue, which forms one-third of the dried substance of the 
'olk and consists of proteids and nucleins. The lai^ amount of 
<a in tbis residue does not occur in the form of a salt, as may 

proved by the fact that it cannot be extracted with alcohol 
intaining hydrochloric acid ; whereas all salts of iron, whether 
fn combination with inorganic or organic acids — and amongst 

< Kl«t]dDBk7. loc. cil., ascribitB this theory in Ibe first plu% (o Han nod, «ha«e 
r writing* are not ikcoeuiblir to me. But tb«ej[iBteiiceororgaaici.'oiiiponiids of iron 
lOr food has in nowise been proved by either of these nuthora. 
'Q. Bimge, ZeiUchr. f. pKytiol. Chem., vol, u. p. IB : 1884. 
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these we must reckon proteids — at once yield their iron to the 
acid alcohol. The remainder of the yolk of egg which is in- 
soluble in ether, dissolves readily in very dilate (1 per M.) 
hydrochloric acid. If to this solution tannic or salicylic acid 
be added, a white precipitate is thrown down ; but if even the 
slightest trace of ferric chlorid be shaken up with this solution, 
and it be now treated with tannic or salicylic acid, it tarns 
either of a blue or red color respectively. 

Iron occurs in yolk of ^g as a nucleo-albumin. In artificial 
gastric digestion of yolk of ^g, the proteids are converted into 
peptones, and the iron remains in the indigestible insoluble 
residue, the nuclein.^ As in the case of the original oompound* 
the iron in this nuclein cannot be extracted by hydrochloric 
acid alcohol. The iron is slowly split off by a watery solution 
of hydrochloric acid, and more quickly according to the con- 
centration of the acid. 

The nuclein-iron compound is soluble in ammonia. If to the 
ammoniacal solution some potassium ferrocyanid and excess 
of hydrochloric acid be added, a precipitate is produced, which 
is at first white, and gradually becomes blue, the change occur- 
ring more rapidly as the concentration of the hydrochloric 
acid is increased. If, instead of the ferrocyanid, potassium 
ferricyanid and hydrochloric acid be added to the ammoniacal 
solution, the precipitate remains white. The iron is therefore 
split off from the organic compound as ferric, and not as 
ferrous, oxid. 

If to the ammoniacal solution of the iron-nuclein compound 
a drop of anunonium sulphid be added, no change of color 
is at first observed : after a little time, however, the solution 
takes a slightly greenish tinge, which increases in intensity 
until finally the next day it becomes black and opaque. The 
change in color proceeds with greater rapidity according to 
the amoimt of ammonium sulphid added. Ammoniacal solu- 
tions of artificial albuminates of iron change color almost in- 
stantaneously when treated with ammonium sulphid. 

' A naclein was first prepared by Miescher from the yolk of egg. His method 
of preparation was however different from mine, and I imagine that the iron had 
been mostly split off from the comi)oand by the action of the hydrochloric acid 
in the gastric jaice. Otherwise the large amount of iron could not have escaped 
Miescher's notice. In my preparation the pepsin ferment acted only a very short 
time on the solution of the nucleo-albuminates in yery dilate hydrochloric acid. In 
Hiescher's preparation the yolk of egg, after extraction with ether and alcohol, 
was allowed to digest for 18 to 24 hoars in gastric juice, containing 3 to 4 per milk 
HCl (10 ccm. of fuming HCl to 1 liter of water), at a temperature of 40® C. In 
my method of preparation the hydrochloric acid amounted only to a little over 
1 per mille, and the solution was kept at body temperature only until the iron- 
nuclein comi>ound began to separate out of the solution as a cloudy precipitate. 
( Vide Miescher, in Hoppe-Seyler's Med. ehem, Vhten., pp. 454 and 504 : 1871.) 
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Iron therefore is more closely combined in the nuclein of 
yolk of ^g than in the iron albuminates, but &r more loosely 
than in hematin, in which it cannot be detected by means of 
the ordinary reagents. 

The elementary analysis of the iron-nuclein compound gave 
the following composition : 



C 42.11 


P 


. . . . 6.19 


H 6.08 


Fe 


0.29 


N 14.73 


O 


31.06 


8 0.65 







This compoimd is undoubtedly the precursor of hemoglobin, 
since there are no other iron compounds present in any quan- 
tity in yolk of ^g. I have therefore suggested that this 
substance should be termed hematogen (blood-forming).^ If 
we imagine the phosphorus to have been split off from the 
hematogen as phosphoric acid, we get a molecule containing 
the same amount of iron as hemoglobin. The hemoglobin of 
hen's blood possesses 0.34 per cent. Fe.' 

Following the same method by which I prepared hemato- 
gen from hens' %g8, an exactly similar compound was obtained 
from carps' ^gs in Kossel's^ laboratory. The elementary 
analysis of this compound gave the following figures : 

Preparation I. Preparation n. 

C 48.0 47.8 

H 7.2 7.2 

N 14-7 12.7 

8 0.30 — 

P 2.4 2.9 

Fe — 0.26 

-^hat hematogen may be absorbed and assimilated is shown 
by the experiments carried out by C. A. Socin * in my labora- 
tory. Mice fed on an artificial diet, which contained no 
compound of iron except hematogen, lived for a hundred days, 
and gained in weight. 

In our most important articles of vegetable diet the iron 
is also united loosely with organic substances as in hematogen. 

^ The name hemoglobinogen woald be more suitable but too lengthy. The 
name hematogen has been objected to on the soore that it already occurs in 
medical nomenclature as an adjective : " hematogenic icterus." But as recent 
research has shown that there is no such thing as hematogenic icterus, we 
shall soon be able to do without the term altogether. 

' A. Jaquet (Bunge's laboratory), ZeiUehr, f.phytiol. Chem., vol. xiy. p. 289 : 
1889. 

s G. Walter, ZeUtehr,/, phynol, Chem., vol. xv. p. 489 : 1891. 

^ C. A. Socin (Bunge's laboratory), ZeiUchr, /. phyaioL Chetn.f yol. xy. p. 93 : 
1891. 
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But the attempt to isolate these oompoimds is attended with 
much greater difficulty, since several different kinds are here 
met with. 

I found it particularly hard to prepare iron-oompoonds 
from milk, because not only does the iron occur in union 
with various substances, but it is also present in veiy small 
quantities. A glance at the following table ^ will show that 
there is less iron in milk than in almost any other article of 
food : 



One Hundred Gbms. Dried Substancx Contaik thx Followdio 

Amounts of Iron ik Milliorammeb. 



Blood serum 

White of hen's egg . . . Trace 

Rice 1.O-2.0 

Pearl barley 1.4-1.5 

Wheat flour (sifted) .... 1.6 

Cow's milk 2.3 

Human milk 2.3-3.1 

Dogfsmilk 3.2 

Figs 3.7 

Baspberries 3.9 

Hazel nuts (kernel only). . 4.3 

Barley 4.5 

-* Cabbage ( inside yellow leaves) 4. 5 



Rye . ... 
Almonds (peeled) 
Wheat .... 
Bilberries . . . 
Potatoes .... 



.... 4.9 

.... 5.5 

.... 5.7 
.... 6.4 
Peas 6.2-6.6 



Cherries (black, without stones) 7.2 

Beans (white) 8.8 

Carrots a6 

Wheat-bran aS 

Strawberries 8.6-9.S 

Linseed 9.5 

Almonds (brown skina) . . 9.5 
Cherries (red, without atones) 10 
Haael nuts (brown skins) . 18 

Apples 18 

Dandelion leaves . . 14 — 

Cabbage (outer green leaves) 17 ^^ 

Asparagus 20 

Yolk of egg 10-24 

Spinach 33-39- 

Pig's blood 226 

Hematogen 290 

Hemoglobin 340 



This fact caused me surprise, as d priori I had anticipated 
the contrary, viz., that milk, being the exclusive food of the 
growing organism which is always increasing its blood-supply, 
would contain more iron than the food of fiill-grown aninuJs 
which merely have to maintain their previous store of iron. 
The small amount of iron in the milk is the more remarkable 
since all other inorganic food-stuffs are contained in milk in just 
the proportion in which they are needed for the growth of the 
sucking animal. 



^ The original sources, from which all the analyses in this table are taken, are 
given by Q. Bunge, ZeiUchr. f. physiol. Chem., vol. xvi. p. 174: 1891 ; and by 
E. Hausermann (Bunge's laboratory), ZeiUchr. f. phyHoL Chem., yol.xxiii. p. 
686: 1897. 
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OiTB Hdhdhed Pabts bt WnaHT or Ash CotnAis: 

Id Hea-bom PuppT. I^og*! Milk. 

K,0 11.42 14.98 

N«,0 10.64 8.80 

CbO 29.52 27.24 

MgO 1.82 1.54 

Fe,0, 0.72 0.12 

P,0, 39.42 M.22 

d 8.36 16.90 

With tbe exoeption of the iron, the relative proportion of 
the remtLiDing constituents in the ash is almost identical. The 
object of this uniformity ia evidently to ensure the greatest 
possible economy. The maternal or^nism gives nothing 
which cannot be utilized by the offspring. Aii excess of any 
constituent would be wasted. This raarvellous adaptation of 
means to an end appears however to be rendered futile by the 
small amount of iron in the ash of milk : it is six times lesa 
than that in the ash of the sucking animal. According to this, 
the maternal organism would seem to port with six times too 
much of tbe remaining constituents to its offspring. Appa- 
rently only one-sixth can be employed to build up the organs, 
and the remaining five-sixths are thrown away I 

The explanation of this contradiction is that the young 
animal contains at birth a large store of iron for the growth of 
its tissues. In a series of estimations of iron in the total 
organism of young dogs, cats, and rabbits, I have shown that 
the amount of iron is the highest at birth, and that it gradually 
diminishes afl^rwards.' At least five times more iron ia found 
in the liver of new-bom than in that of full-grown animals. 
In the same way the other tissues must possess their store of 
iron which can be drawn upon to meet the rapid development 
of the blood. 

The advantage of this arrangement seems to be as follows : 
The assimilation of oi^nic compounds of iron is obviously 
attended with great difficulty, hence tbe maternal organism 
OSes up it« acquired store with tbe greatest economy. The 
amount which must be conveyed to the infant organism can 
reach it in two ways : through tlie placenta and through the 
mammary glands. The former way is preferred as the more 
secure. If the main proportion of the organic compounds of 
iron was conveyed by the mammary gland, it might become a 
prey to bacteria in the alimentary canal and before absorption 
had b^un. But if it reaches the fetus through the placenta, its 
safety is assured. 

O. Baage, ZeiUehr. /. phytial. Chem., toI. zvi. p. i'7 : 1S91, snd toI. ifii. 
p. 63: 1862. 




378 



liEcrruBE 



In the following table ^ I give the figares for the amonnt 
of iron in young rabbits and gninea-pigs. 



BABBITS. 

(Age of the animalw ) 



Mff. Fe 

to 100 grms. 

body-weight. 

6.4 



Embryos arranged according I g'e 
to increasing Dodj-weight \gQ 

, . . . lo. ^ 

. .13.9 



1 hoar after birth 



1 day 
4 days 



6 
6 
7 
11 
13 
17 
22 
24 
27 
41 
45 
46 
74 



(( 
(I 
(( 
(( 

IC 

it 
tt 
(( 
(I 

C( 

11 



<( 
<l 
(< 
t( 
(( 
(( 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 



9.9 
7.8 
8.5 
6.0 
4.3 
4.5 
4.3 
4.3 
3.2 
3.4 
4.5 
4.2 
4.1 
4.6 



axmrxA-noB. 
(Age of the intinilii ) 



Embryos 



6 hours after birth 

lidays 

3 



5 
9 
15 
22 
25 
53 



<t 
(( 
tt 
tt 
tt 
tt 
it 



tt 

tt 
it 
tt 
tt 
tt 
tt 
tt 



tt 

tt 
tt 
tt 
tt 
tt 
tt 
tt 



_ Fe 

toU _ 
bod7-veigkl 

4.6 
4.4 
5.6 
5.3 
5.0 
6.0 
5.4 
6.7 
5.7 
4.4 
4.4 
4.4 
4.5 
5.2 



I have ascertained from repeated and continued investigar 
tion of the gastric contents that young rabbits are nourished 
during the first fortnight exclusively on the mother's milk. 
About the middle of the third week they b^in to take vege- 
table food as well as the milk, and in the fourth week Uie 
stomach contains principally v^etable matter. As the above 
figures show, the fourth week is the time when the store of 
iron has become used up and the amount of iron in proportion 
to the body-weight has reached its minimum. With the 
commencement of a v^etable dietary rich in iron, the amount 
of this substance in the body again begins to rise. 

The case of guinea-pigs is very different. These animals 
b^in by eating v^etable food from the first day and select bj 
preference the leaves which are very rich in iron, and during 
the subsequent days milk plays but a subordinate part com- 
pared to this form of food. And correspondingly we find that 
(as may be seen from the above figures) guinea-pigs have at 
birth a very small store of iron in their organs. Thus in these 
two nearly related animal species, Nature herself has made an 
experimentum crucis, which confirms my conception concerning 
the significance of the store of iron provided for new-born 
animals. 

Very little iron is assimilated from the milk during the 



1 G. Bonge, idem. 



30N 



379 



' amoui 
KtO fe< 
■perioc 
fanemi 



flookling period. la the youog rabbit the absolute amount of 
iron remains nearly constant, whereas the body increases in 
weight eisfold by the end of the fourth week. The relative 
proportion of iron therefore falls to one-sixtb, as reference to 
the above table will show. The animals at this time appear 
to be already anemic. But they now begin to take food con- 
taining abundance of iron, when tbe amount of this substaoce 
at first rises. Subsequently the absolutfi quantity of assimilated 
iron grows in proportion to the body-weight, and the relative 
amouut remains nearly constant. If the attempt were made 
feed the young animals eselusively with milk after the 
saiod of suckling had elapsed, tbey would certainly become 
y anemic. 

This condition of anemia has been utilized by me to decide 
the question as to tbe assimilabili^ of inorganic iron. At tbe 
end of lactation, tbe young animals were fed entirely on milk, 
or on milk and rice. Rice, as we may see from the table, is 
even poorer in iron than milk. One half of the animals em- 
ployed in this experiment received in addition to this food, s 
small quantity of ferric chlorid daily. After this diet had 
been given from one to three months, and the animals had 
doubled their weight, tbey were kilted and tbe amount of 
hemoglobin in the total body was estimated, as well as, in tbe 
se of small animals, the amount of iron. 
In this manner E. Hiiusermaiio carried out experiments in 
f jny laboratoiy on 24 rats, 1 7 rabbits, 1 4 dogs, and 3 cata. The 
rats all became highly anemic; for at the end of the experi- 
ment the percentage of hemoglobin was diminished to about 
half that of animals from the same litter which had received 
I their normal food — meat, flies, yolk of egg, fruit, vegetables. 
I The rats, which bad taken ferric chlorid in addition to the milk 
1 and rice, containe<l no mure hemoglobin than those which had 
I received milk and rice only. Moreover the amount of iron 
was in each case the same. In one experiment alone, in which 
the addition of ferric chlorid was continued for tliree months, 
was tbe iron found to be double as much in the animals which 
received it as in those which had only milk and rice. But here 
again tbe proportion of hemoglobin remained the same in both 
instances. We thus see that some iron is absorbed if small 
' doses of iron are persisted in for a long time, as well as if 
large amounts be suddenly administered. But this inoi^anic 
iron, when absorbed, is not utilized in the formation of hemo- 

Iglobin to any appreciable extent, but remains unused in tbe 
tissues. Whether inorganic iron was absorbed in the ex- 
periments, which lasted only from one to two months, cannot 
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be decided : it is possible that same of it was absorbed and ma 
again eliminated in the same degree. Certainly no storing np 
nor increase of iron could be detected in the whole organism. 

The experiments on rabbits gave less decisive results : the 
average proportion of hemoglobin in the animals that received 
iron was somewhat higher than that tu the animals which were 
fed on milk and rice only. But if the great individual differ- 
ences between various animals be taken into consideratioD, I 
do not think we must ascribe too much importance to this 
slight divergence. At any rate the amount of hemoglobin b 
the control animal, which received its normal diet — fresh green 
cabbage, bran, etc, — was nearly twice as high as in the animal 
which received the iron. 

The experiments on dogs were not attended with decisive 
results. Bogs are not suitable animals for these experiments 
owing to their individual differences. Moreover the growth of 
these animals after the period of lactation is at a much slower 
rate, and their appetite so enormous that they might be readily 
able to assimilate sufficient hemoglobin even from a material so 
poor in iran aa milk, while their appetite remained normal. 
Hausenuann found the lai^;est proportion of hemc^lobin in a 
d<^ which had been fed exclusively with milk. The animals 
which received ferric chlorid in addition to a milk diet certainly 
contained no more hemoglobin than animals from the same 
litter which were fed on meat and bones. Cloetta ' carried out 
some experiments on the same principle as ours, and came to the 
conclusion that iron was assimilated in its inorganic form. We 
are not at present in a position to corroborate this statement. 

Hilusermaon further conducted a research on the question 
as to whether the hemoglobin of the food was assimilable. It 
appeared that young rats, which were given dried, powdered 
hemt^Iobin in addition to milk and rice, formed twice as much 
hemglobiu as the animals from the same litter, which received 
milk and rice alone. The hemoglobin of the food therefore 
api>ears to be absorbed and assimilated. This experiment with 
hemoglobin was however jierformed on only two animab, and I 
intend therefore to repeat it. 

In order to obviate misapprehension,* I may be allowi 

*M.Ca«F(t>, ArcJi. f. crper. I\U/i. n. />Aarn>., vol. xxriii. p. 161: 1697. 

* II7 picritiDS pablicAlions on the iron queUion h&ve been coDtiiia&Ilj mu- 
>*pit*Mtad b; tfar Difdical preas. In particul&r the italemenu which wen 
Md« hj m« at the Cliniral CoQEnw al Muoirb in the spring of 1896 hare beoi 
iTporteit im quite > oonUarr kdm. Al the Congren I kstc an aerounl of thf 
pnvMil ■!>!« nf the quettjmi from tn objwiive Bluidpoidi 
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to ebortly recapitulate the results of the investigations on the 
absorptioD and ast^imilatioii of inorganic iron : 

1. So far it has aot been proven that any part of the 
inorganic preparations of iron given in the small quantity 
(0.1-0.2 grm. Fe per diem) which is necessary in order to 
avoid digestive disturbances, is absorbed either in man or In 
the smaller animals, to which correspondingly less iron can be 
administered. We must however concede the possibility that 
Bmall amounts may be absorbed. 

2. If lai^e quantities of iron be given, or if the administra- 
tion of small doses he continued over a long period, part of the 
iron passes the intestinal wall. But it cannot be ascertained 
whether this iron is assimilated, although such a possibility 
cannot be denied. 

3. Even if the assimilation of inorganic preparations of 
iron be granted, it is indisputable that the iron which exists in 
normal food in the form of organic componnds is far more 
readily and more completely absorbed. 

Should further research show that inoi^nic iron is utilized 
in the production of hemoglobin, tlie fact would be of the 
greatest theoretical interest. It would furnish fresh proof that 
syntheses occur as complex in the animal as in the vegetable 
cell. Hitherto scientific men, steeped in Liebig's doctrine, have 
ascribed too little power to the animal cell. But even if the 
assimilation of inorganic iron was a proved fact, it would have 
no importance in medical practice since, as our experiments show, 
the iron required for the formation of hemoglobin is much 
more readily and plentifully assimilated from the organic iron- 
compounds of our normal dietary. Hence there is in no case 
any reason to prescribe preparations of iron for the production 
of hemoglobin in people who can take their natural food with 
a good appetite. 

. It is quite another question as to whether anemic patients 
should be given preparations of iron, not indeed as material for 
conversion into hemoglobin, but in order to influence the 
formation of bliKxl in some indirect way. That these prepara- 
tions may have such an effect cannot be denied, although there 
is so far no adequate proof on the matter. It is not sufBcient 
evidence to say that the experience has been made ; we must 
know how it has been done. Where are the statistics? Where 
are the control experiments?' 

1H96. I rcqnrst Chat for the future I may be attacked only for what I have uud, 
ajid not for what I have never snid. 

1 Compare my crititjue of the theraptnlipB of iron in the Verlianell. dtt Owi- 
fTttta f. inn. Mtd., Coogr. liii., Wiesbsdeo, Bergoiaiiii, pp. 143-147 *nd 191 ; 
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If thus all previous experimentation teaches us decisivelj 
that iron is most surely and abundantly assimilated from our 
natural food^ it follows that it is highly desirable for us to 
know the proportion of iron contained in the various articles of 
our diet. This knowledge will be of the greatest value both as 
a weapon and as a prophylactic against poorness of blood. Let 
us therefore again glance at the table on p. 376. It is a very 
surprising fact that^ next to milk, the cereals, which are the 
most important articles of v^etable food, contain the least 
iron, that is to say, in the form in which they are generally 
consumed, when deprived of their husks, the so-called bran. 
Rice, as it comes into the market, is already deprived of its 
husk ; it does not correspond to barley or wheat com but to 
pearl barley or wheat flour. In sifting the flour, the husks, 
the so-called bran, are separated from the flour. From the 
table we see that the cereals, when freed from their husks, 
contain only half as much iron as milk. The iron of the cereals 
exists in the husks. Whole wheat-meal therefore contains five 
times as much iron as the ordinary wheat-flour. 

This shows how irrationally anemic people are fed. We 
may take as an instance the poor bloodless seamstresses, who 
eat white bread and drink tea ! With the aid of all our 
chemical knowledge we could not give to animals which we 
wished to make anemic any food with less iron it ! 

It would be very interesting to ascertain experimentally 
whether the iron compounds in the bran are assimilable. If 
this were so, whole meal bread would be preferable to white 
bread. I am now engaged on experiments with the object of 
deciding this question. 

At the Munich Medical Congress Professor Heubner' 
stated that ''15 kilograms of meat,' so far as I am aware, cost 
about thirty shillings, and that 300 Blaud's pills cost three 
shillings. I fear that a large number of people will continue 
to take the pills.'' I would, however, point out that there are 
many cheap articles of food which contain sufficient iron, such 
as potatoes, carrots, cabbage. But it is still an open question 
whether in the equally cheap l^uminosae, as in the cereals, the 
iron is not principally confined to the husks, and whether the 
iron in the husks is assimilable. 

The danger of taking food which is too poor in iron is also 
present in children, who are nourished principally with milk 
for a long time afler lactation has ceased. The normal duration 

* Heubner, foe. cit., p. 174. 

>I had estimated {loe. eiU, p. 144) that 15 kilos, meat contained 0.6 grm. 
Fe, or sufficient to produce one-third of the total hemoglobin in a 



of saoklmg in human beiti^ is UDknown to us. The iustiucta 
of neither mother nor child give us any clue. Eveu the habits 
of aborigiual races furnish us with uo data. Instinct is dying 
out, never to return ; but it is the noble duty of science to 
replace unerring instinct by conscious knowledge. If we could 
determine the time at which the store of iron possessed by the 
iniant at birth becomes used up in the oi^ns, the problem 
would be solved. This si>lutioii would be practicable if estima- 
tions were made on the brtdies of healthy children which had 
suddenly met with an accidental death. In the light of our 
present knowledge however, it seems probable that children 
are oflen rendered anemic by the milk diet being too prolonged 
or too exclusively employed ; and I am pleased to hear that this 
observation of mine ia confirmed by children's physicians of 
experience. For instance, Professor Heubner stated at the 
Munich Congress;' "For many years a number of children's 
physicians have recommended that a purely milk diet should 
not be continued too long towards the end of the suckling 
period. For about ten years I have myself adopted and have 
also taught the principle of giving other food as a supplement 
to milk after the infant has reached the age of d or 10 months, 
and this not only in cases of anemia, but also in other cacbectic 
conditions of rickety children, although I am not able to adduce 
any reason for this treatment. I may add that I was very 
pleased to read the first work published by Professor Bunge on 
this subject, and have followed his experiments with the greatest 
interest. Since then I bave found it highly beneficial to give 
even vegetables to young children. In my practice I have 
met with the greatest astonishment on the part of parents who 
consulted me, when I told them to give the child (which 
perhaps had eight teeth) a small spoonful of spinach or 
cabbage or something of the kind everj- day. This advice was 
however the result of a long and favorable experience. 
The advantage of this treatment must have recently become 
known in Berlin, A short time ago I was somewhat reproach- 
fully asked by the father of an infant eight months old, which 
had not cut any teeth, why I did not order the child spinach 
and apple sauce. I am quite sure that this gentleman had no 
idea of Professor Bunge's investigations," 

Dr. Freund wrote to me on April 1 9, directly after my com- 
munication at the Munich Congress: "I have long since 
observed and frequently state that an exclusive or even pre- 
ponderating milk diet for children when they are weaned is not 
only insufficient, but also harmful, in that the children become 
I Hcnbuer. loc. eit.. p. m. 
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psle and weak, and suffer from poorneas of blood. Hie 
childreD of the lower claaees, especially in die ooontrjr, with 
thdr rosy che^s^ might well be objects of envy to many 
nkothers among the npper ten thousand, and I would point out 
that these children partake of the same food as their parents 
towards the end of their first year of life." 

Professor Monti ^ of Vienna says in the article he has jnst 
published on weaning and nutrition: ^' If children be nursed up 
to the twelfth and fifteenth month, they do not grow as they 
should, even when the milk is sufficient in quantity. They be- 
come anemic, their muscles beccHue flabby, and tihdr develop- 
ment is delayed, so that, instead of attempting to walk at the 
end of the first year, they do not begin to do so until they are 
about dghte^i or nineteen months old." ''There are certainly 
a few races where it is custcHuary to feed childrai at the breast 
after they have attained their first year. We have compara- 
tively often had the opportunity of seeing some of these chil- 
dren, which are usually of Slavonic parentage, and in all cases 
the state of nutrition was a bad one. Other food than the 
mother's milk is imperatively indicated." ''The custom of 
over-prolonged nursing exists in France, in a few parts of 
Italy, and, according to hearsay, in Japan. All authorities are 
agreed however that the ccmtinuation of the suckling beyond 
the proper time always induces disturbances in the child's nu- 
trition, and that many cases of rickets must be ascribed to this 
practice." 

The other day I came across a very interesting and doubt- 
less unusual case, where an exclusive milk diet had been con- 
tinued into adult life. A youth of eighteen, from the technical 
schools at Aarau, has lived on nothing but milk from the time 
of his birth. He states that he has occasionally tried a piece of 
bread or a pear, but that it had not agreed with him. He has 
an invincible dislike to all animal and vegetable food. His &ce 
is pale, as well as the mucous membrane of the tongue and of 
the coDJunctivse. He suffers from cold feet and hands, is easily 
tired in walking, and has palpitation of the heart when he goes 
upstairs. £. Hausermann found that, although his blood con- 
tained five million blood-corpuscles in the cmm., it had only 8.6 
per cent, hemoglobin, whereas a normal person has 12—16 per 
cent. These are therefore conditions similar to those occurring 
in cases of chlorosis, viz., about the usual number of blood-oor- 
puscles, with a diminished amount of hemoglobin.' 

^ Alois \fonti. ** Ueb. d. Entwohnimg, Ernahmng/' ^., Wien. u. Leipsif , 
UHmd o. Sohvanenberip. p. 1(M : 1897. 

> Uiujcnnuiii gifts a detailed dcscriptioo of this ctae, he. ciL, p. 585. 
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In order to obviate misunderstanding, I would, in conclu- 
sion, lay stress upon the fact that I do not maintain that all 
forms of anemia, and especially chlorosis, may be cured by a 
diet rich in iron. The etiology and the nature of chlorosis are 
entirely obscure, and any treatment with iron, even if it be only 
the iron in the food, is at the best but dealing with the symp- 
toms. But in anemia, the first thing to do is to cease taking 
food which would make even a healthy person bloodless, and 
afterwards to think of medicines. 

As r^ards treatment with drugs, I do not deny the use of 
medical experience on the old system. Any unprejudiced per- 
son of good memory may store up abundant statistical material, 
together with the needful control experiments, without writing 
down his observations and communicating them to his colleagues. 
As a matter of fact many thousands of experiences in other 
practical departments, which are likewise concerned with com- 
plex manifestations of life, such as farming, horticulture, cattle- 
breeding, hunting, fishing, are collected in this manner, and 
subsequently confirmed by science. But both in science and 
in practice it i^ good to demand strict proofs, proofs which may 
not only convince individuals, but may be binding on all ex- 
perts as well as on future generations. 

I therefore venture to make the following proposition with 
r^ard to the investigation into the action of iron. In the first 
place, cases of anemia as like each other as possible should be 
sought out. Half of these should be selected by lot and be 
treated with some definite preparation of iron, while the other 
half should receive no iron, but in its stead some indifferent 
medicine, with the assurance that this latter was an unfailing 
remedy. The time should then be determined at which the 
amount of hemoglobin and the number of blood-corpuscles had 
risen by a certain percentage. Disturbing factors, such as the 
varying idiosyncrasies of the different cases, can only be eliminated 
by taking a sufficiently large number of cases for the experiment. 
In private practice w^e shall always have to deal with the diffi- 
cultly of being able to ensure that the medicine prescribed is 
really taken. I myself have known of many cases where the 
doctor triumphantly ascribed the credit of the chlorotic patient's 
red cheeks to the influence of the Blaud pills, whereas, as a 
matter of &ct, not a single pill had been taken. 



25 



LECTURE XXVI 

DIABETES MELUTUS 

In our remarks on metabolism in the liver, and on the 
source of muscular energy, we became acquainted with the des- 
tiny of carbohydrates in the body, and with the way in which 
they are utilized under normal conditions. We are now there- 
fore in a position to consider the intricate investigations con- 
cerning the destiny of carbohydrates under pathological condi- 
tions, and especially the researches into the causes and nature of 
diabetes mellitus. This is a subject with touches on all branches 
of physiological chemistry, and about which a complete library 
of books ^ has been written, the references to which would alone 
form a good-sized volume. 

These remarks will be confined to the chronic form of 
diabetes. Transient glycosuria ' occurs as a consequence, and 
sometimes as an unimportant symptom in a great variety of 
maladies, such as zymotic diseases, digestive disturbances, 
neuralgia, cerebral concussion and hemorrhage, cerebro-spinal 
meningitis, epilepsy, psychical excitement, poisoning by various 
substances,^ &c. No satisfactory explanation to account for the 
appearance of glycosuria in all these cases has yet been given, 
and it would lead us too far to discuss all the maladies of which 
glycosuria forms a symptom. 

But even if we confined ourselves to that chronic disorder 
which is strictly termed diabetes, a complete account of the 
disease and its numerous and varying symptoms would be 

^ An account of the most important works on diabetes mellitas is giren bj 
CI. Bernard, ** Le9on8 sur le diab^te " : Paris, 1877 ; Ed. Kul2, '* Beitrage xnr 
Pathologic und Therapie des Diabetes mellitas " : Marburg, 1874 and 1875 ; 
Frerichs, " Ueber d. Diabetes " : Berlin, 1884. Frerichs has watched no less than 
foar hundred cases of diabetes, and has recorded the results of his wide expert- 
ence in a clear, comprehensive, and critical work, especially remarkable for its 
objectivity. Wo strongly recommend this book to the student. Compare alio 
F. W. Piivy, *' On the Nature and Treatment of Diabetes," 2d edit., London ; 
and J. Seegen, ** Der Diabetes mellitus," Aufl. ii. : Berlin, 1875; and Amoldo 
Cantani, '* Der Diabetes mellitus." Deutsch von S. Hahn : Berlin, 1880. 

* Frerichs {loc. cii., pp. 25-61) gives a comprehensiye account of aU forma of 
transient glycosuria. 

' Of these substances, phloridzin must be particularly mentioned ; ita 
glycosuric action on animals containing no glycogen has been already noticed 
(p. 346). 
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oejond the scope of the present lecture. It is merely our j 
intention to collect the chief results of the experimental investi- 
gations carried out for the purpose of determining the causes 
and nature of this disease. 

Up to the present, pathological anatomy has led to no con- 
clusion. Poat-mnrtem examination of the bodies of diabetica 
proves that there is not a single organ which does not occasion- 
ally show anatomical changes ; on the other hand, there is not 
a single oi^an that does not frequently appear normal. It is 
likewise impossible, in all cases, to decide whether these anato- 
mical changes are the cause or the consequence of the chemical 
changes.' 

We will therefore restrict ourselves to the consideration 
of those data which bear upon pbysiolt^ical chemistry. The J 
most obvious symptom, the occurrence of sugar in the urine, 
has always formed tlie basis of these observations. 

As already stated, normal urine contains no sugar, or at 
roost a trace. In diabetes, often a very considerable amount 
b found, varying from a few grammes to one kilogramme 
in twen^-four hours' urine. This sugar is invariably dextro- 
rotatory grape-sugar.' With many patients who have the 
disease in a mild form, the sugar disappears from the urine 
if carbohydrates are excluded from the diet; with others who 
are more seriously affected, the excretion of sugar continues, 
even though au exclusive meat diet be adopted. In what way 
can we account for the appearance of this large amount of 
sugar in the urine ? 

Only two suppositions are open to us. Either the kidneys 
have lost their power of preventing the sugar, normally present 
in the blood, from passing into the urine ; or else the kidneys 
have retained their usual fimction, but the amount of sugar in 
the blood has abnormally increased. 

The latter supposition must be r^arded as the correct 
one ; for the former would imply that there is less than the 
normal amount of sugar in the blood of diabetic patients, 
whereas the quantity found is, as a matter of fact, always 
above the normal.' The blood of man aud of the dog normally 

' FrerichH (lor. eU,, pp. 144-183) Rivea a comprrhenaiTe &iid initruotive 
UthnlUeil occaunt ofthe results of fifty-five autopsiei. 

'J. Seegen bUUb that he hu found levorolntorr sugar in the urioeof a 
person iDtTeriDg from ' diabetM intenailteai ' (Ceiifralbl.f, d.med. WitKtueh.}, 
So. 43 : 18»4. Compare K. KQIi, Zeiltc/ir. /. Biolog., vol. tivii, p. 228: 1890. 
<rh«rp a orilical Bnmm&ry will be found of all the ■latements relating to ttl« 
occurrence of Itvoratatorj' sugar in uriuc. 

' A diminution of the sugar in the blood is found in phloridziu disbetes. Thil 
la therefore a different condition tothe 'nstur&l ' diabeteB, and cannot be directly 
applied to the explanfttioa of the latter condition. In pbloridzin diabetes it is 
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contains from 0.05 to 0.15 per cent, of sugar; the blood of 
diabetic patients from 0.22 to 0.44 per cent.^ K the propor- 
tion of sugar in a dog's blood be artificially increased to more 
than 0.3 per cent, by the injection of a solution of this sub- 
stance, sugar passes through the normal kidneys into the urine. 
No affection of the kidneys has ever been discovered in the first 
stages of diabetes. 

It is therefore certain that an abnormal increase of sugar 
in the blood is the cause of the appearance of sugar in the 
urine. 

We now come to the question as to the cause of the 
increase of sugar in the blood, and again we have to choose 
between two explanations. There must be either a larger 
quantity of sugar formed, or a smaller amount of sugar de- 
composed. 

The first explanation cannot be accepted, for from what 
could the large proportion of sugar be formed? Not from 
the other carbohydrates, as this would be a normal process; 
not from the fats, as diabetic patients can digest and assimi- 
late them in large quantities.' As to the proteids, assuming 
that a diabetic patient consumed 300 grms.' in a day (whi(£ 
it would be difficult to do), even this amount of proteid would 
not form more than about 200 grms. of sugar; for a large 
proportion of the carbon must be given off with the nitrogen. 
But even if 200 grms. of sugar reached the blood in the course 
of each day, it would not cause diabetes, so long as the de- 
composition of sugar remained normal. A man, on a diet of 
potatoes, will form from 600 to 1000 grms. of sugar per diem 
from the starch in his food, without any sugar passing into the 
urine. 

We must therefore accept the other explanation, that the 
increase of sugar in the blood of diabetic patients is due to a 
diminished sugar destruction. 

The power of decomposing sugar is never entirely arrested ; 

probably the kidneys which are primarily at fault. Compare Minkowski, Berlin, 
klin, Wochen^chr., No. 6 : 1892 ; and " Untersuch. iib. d. Diabetes mellitas/' 
p. 64 : Leipzig, 1893. 

' Carl Bock und Frdr. Albin Hofmann, " Experimentelle Studien uber 
Diabetes," p. 61 : Berlin, 1874 ; Frerichs, loc, cit., p. 269. 

2 Pettenkofer and Voit, ZeiUchr. f. Bwlog., vol. iii. pp. 406, 408, 416, 428, 
4S6 : 1876. L. Block {DeuUch, Arch, f. klin. Med,, vol. xxv. p. 470 : 1880) found 
that only 9 grms. out of from 120 to 150 grms. of fat reappeared in the feces of 
diabetic patients. 

» With a diabetic patient, the urea excreted in twenty-four hours seldom 
amounts to more than 100 grms., which corresponds to 300 grms. of proteid. 
Pettenkofer and Voit {loc, cit,, p. 424) found from 46 to 86 grms. of urea in a 
severe case of diabetes, the patient being allowed to eat whatever he liked. 
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it 18 only more or less impaired. Kiilz ^ has shown that, even 
in severe cases of diabetes, there is a smaller amount of sugar 
in the urine than would correspond to the carbohydrates of the 
food. 

We will now proceed to inquire how the power of splitting 
up sugar is impaired — a question which again appears to be 
capable of but two answers. We are only acquainted with two 
processes by which the food-stuffs are destroyed in our tissues : 
decomposition and oxidation. One of these two processes must 
be diminished. 

No decline in the process of oxidation in diabetes has so &r 
been proved fix)m observations and experiments. The ultimate 
products of proteid combustion are normal, and the fat appears 
to be completely oxidized to carbonic acid and water. &dts of 
vegetable acids and lactates reappear in the urine as carbonates.' 
Benzol is oxidized to phenol.* Certain carbohydrates even (such 
as levulose, inulin and inosit), and mannite, which is so closely 
related to the carbohydrates, are decomposed.* How is it that 
grape-sugar alone remains unoxidized ? 

That oxidation is not impeded is further proved by the cir- 
cumstance that no increase of sugar in the blood, or passage of 
sugar into the urine,* has ever been observed either in diseases 
connected with disturbances of external and internal respira- 
tion, or in artificial respiratory disturbances.* 

We must therefore conclude that the grape-sugar cannot be 
oxidized because its decomposition is impeded ; decomposition 
must precede oxidation ; if the former be impaired, the latter 
cannot take place, although neither external nor internal res- 
piration is disturbed. 

O. Schultzen^ endeavored to support this view by com- 

^ Kiilz, '* Beitr. z. Path. u. Therap. d. Diabetes mellitus," pp. 110-119 : Mar- 
burg, 1874. 

' O. Schaltzen, Berliner klin. Woehenschr,, No. 35 : 1872 ; Nencki and Sieber, 
Zeilschr, f. prakL Chem,, vol. zxyi. p. 34 : 1882. 

' Nencki and Sieber, loc, cit,^ p. 36. 

^£. Kulz, "Beitr. z. Path. u. Therap. d. Diabetes mellitos," pp. 127-175: 
Marburg, 1874. The experiment with mannite does not seem to be convincing, 
because borborygmi, flatulence, and diarrhea occurred after taking it. It is pos- 
sible that the mannite introduced was mostly decomi>osed by fermentative organ- 
isms in the alimentary canal. A small amount was found unaltered in the urine. 
With respect to inosit, vide also E. Kulz, Sitzungaber. d, Ges. z. Beforderung d, 
ges. Naturw. zu Marburg, No. 4 : 1876. 

» Von Mering, Arch. /. Phyriol., p. 381 : 1877. 

* Senator, Virchow's Arch,, vol. xlii. p. 1 : 1868. 

'' O. Schultzen, loc. cit. The view that sugar could only be oxidized sub- 
sequently to decomposition was first suggested by Scheremetjewski in a research 
published from C. Ludwig's laboratory {Arb, atts d, phyaiol. Anstalt tu Leipzig, 
p. 145 : Jahrg. 1868 ; Leipzig, 1869) . Compare also Nencki and Sieber, he, cit,, 
p. 39. 
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pariDg observations on diabetics with those on persons suffering 
from phosphorus-poisoning. As we have akeadj seen (p. 363), 
oxidation is diminished in cases of phosphoma-poisoning. 
Instead of sugar^ lactic acid oocors in the urine; and this 
Schultzen r^tu^ed as a normal product of the decomposition 
of grape-sugar. He therefore said that^ after phosphorus- 
poisoning, the power of oxidation was lost, but not that of 
decomposition, while the reverse was the case in diabetes. 
Hence, after phosphorus-poisoning, the normal product of de- 
composition appears in the urine, while in diabetics, in spite of 
undisturbed oxidation, the unaltered grape-sugar appears in the 
urine. 

The following experiment of Pettenkofer and Voit* may 
be interpreted in the same way. By means of their respiratory 
apparatus, they showed that a diabetic took in less oxygen and 
excreted less carbonic acid than a healthy person. 

It was not that less sugar was broken up because the in- 
come of oxygen was reduced, but that less oxygen was used up 
because the formation of oxidizable products of decomposition 
was diminished. 

This theory is very inviting, but objections may be raised 
to it. The &ct, already mentioned in our remarks concern- 
ing internal respiration (p. 259), that certain substances, 
after introduction into the body, appear in the urine con- 
jugated with glycuronic acid, is opposed to the view that 
decomposition must precede oxidation. Glycuronic acid is 
undoubtedly a product of oxidation, but not of decomposition ; 
all six atoms of carbon are still united, and yet oxidation has 
b^un. Conjugation alone prevents its completion ; and as 
soon as the compound is split up, nothing can stop its further 
progress. 

Nencki and Sieber say, "We do not doubt that, if the 
diabetic could break up sugar to form lactic acid, he would 
afterwards be able completely to oxidize the sugar.''* But 
lactic acid is evidently not the normal product of decompo- 
sition of sugar in the body. The sarcolactic acid, which is 
invariably present in the organs, probably arises fix)m proteid 
(p. 312). As nothing is yet known concerning the course 
and sequence of the decomposition and oxidation of sugar in 
the organism under normal conditions, we are scarcely in a 
jx)sition to inquire into the abnormal chemical processes occur- 
ring in diabetes. 

' IVttenkofer and Voit, ZeiUchr, f. Biolog., vol. iii. pp. 428, 429, 431, aod 
452: 18<>7. 

" Nencki and Sieber, Journ. /. prakt. Chem., vol. xxvi. p. 87 : 1882. 



DIABETES MELLTTUS 391 

Attention must be particularly called to the occurrence in 
the diabetic urine of substances which are evidently products of 
incomplete oxidation : oxybutyric acid, aceto-acetic acid^ and 
aceton. ^ They probably arise from the proteids, for their 
amount is independent of any addition of carbohydrates to the 
diety but increases with increased proteid metabolism.' They 
do not occur in all cases of diabetes, but generally in the more 
severe forms of the disease, in which the destructive metabolism 
of proteid is augmented. 

The oxybutyric acid in diabetic urine is the levorotatory 
)9-oxybutyricacid(CH,-CH(OH)-CH,-COOH). Theaceto- 
acetic acid (CHj— CJO— CH,— CCKDH), which can be artificially 
produced by oxidation from ^-oxybutyric acid, breaks up readily 
into aceton and carbonic acid : CHj — CO — CH, — COOH ■■ 
CHj — CX) — CHj + CO,. The aceto-acetic acid and the aceton 
in GUabetic urine have probably originated in the same way in 
the organism. 

In the last stage of diabetes, when coma sets in, the amount 
of oxybutyric acid increases, while that of aceton diminishes. ' 
This fact also appears to argue in favor of an increasing decline 
in the power of oxidation. 

It must however be noted that the occurrence of oxybutyric 
acid, aceto-acetic acid, and aceton is not confined to diabetes, 
but has been observed in many other maladies.^ These anom- 
alous products of metabolism may possibly be a direct conse- 
quence, not of diabetes itself, but of certain complications which 
frequently accompany the disease. 

On the other hand, it must be remembered that wasting of 
the tissues and general cachexia, in short, increased destruction 
of the nitrogenous constituents of the body, invariably take 
place in all the diseases in which acetonuria has been observed, 
such as febrile infectious diseases, carcinoma, mental affections 

* Stadelmann, Arch, /. exper. Path, u, Pharm.^ vol. zvii. p. 419: 1883 ; and 
ZeiUehr, /. Biolog., vol. xxi. p. 140: 1886; Minkowski, Arch, f. exper. Path, u, 
Pharm.f vol. xviii. pp. 35, 147: 1884 ; E. Kulz, Zeittchr. /. Biolog., vol. zz. p. 
166 : 1884 ; and vol. zxiii. p. 329 : 1886 ; and Arch. /. exper. Path, u. Pharm,, vol. 
zviii. p. 291 : 1884 ; Bud. von Jaksch, *' Ueber Acetonurie u. Diaceturie " : Berlin, 
1885 ; H. Wolpe, Arch. /. exper. Path, u, Pharm,, vol. xxi. p. 138 : 1886 ; Frerichs, 
loc. cU,t pp. 114-118. 

'Q. Rosenfeld, Deutsch, med, Wochensehr,, No. 40: 1866; Wolpe, loc, cit,, 
pp. 150-156. The older literature is here quoted. Also M. J. Rossbach, Corre' 
spondenxblaU det allgem, drttliehen Vereins fur Thuringen, No. 3 : 1887 ; Chem, 
Centralhl. p. 1437 : 1887. 

* Wolpe, "Unters. u. d. Ozybuttersaure des diabetischen Hames," Dissert.: 
Konigsberg, 1886 ; Arch,f, exper. Path, u, Pharm,^ vol. zzi. p. 167 : 1886. 

^R. von Jaksch, *' Ueber Acetonurie u. Diaceturie,'' pp. 64-91: Berlin, 
1886; Kulz, ZeiUchr, /. BioUg,, vol. zziii. p. 329: 1886; A. Baginsky, Dn Bois' 
^rcA., p. 349: 1887. 



392 LECTURE XXVI 

accompanied by inanition, &c. The occurrence of aceto-acetic 
acid has likewise been noticed in the urine of healthy persons 
after prolonged fasting.^ Increased decomposition of proteid 
now appears to be an accompaniment of diabetes also : at least, 
it was proved, by careful experiment in three severe cases, that 
the patient excreted more nitrogen than a healthy person on 
exactly the same diet. The first investigation of the kind was 
carried out by Graehtgens * in his clinique at Dorpat, the second 
by Pettenkofer and Voit, ' and the third by Frerichs/ 

Thase experiments might be taken to mean that the increased 
decomposition of proteids in diabetes was a consequence of the 
inadequate breaking up of the sugar ; that, because the chemical 
potential energy of the sugar was not completely utilized, the 
proteid must assist in furnishing the kinetic energy necessary 
for the performance of the functions of the body. This would 
be analogous to the behavior of normal muscle, which, as we 
have seen, has recourse to its store of proteid as soon as the 
supply of non-nitrogenous food runs short. But this is only a 
teleological, not a physico-chemical explanation, and gives no 
account of the causal connection. We must concede the pos- 
sibility that the increased decomposition of proteid may be the 
first sign of disturbance in the metabolism of the organs, and 
may usher in the wasting of the tissues and all the other 
troubles. It may be also that the occurrence of oxybutyric 
acid, aceto-acetic acid, and aceton in diabetes is not due to the 
reduced supply of oxygen, any more than it is in the case 
of the other diseases mentioned. The tissues may receive their 
normal supply of oxygen, but the products of decomposition 
may have risen above the normal amount; and that part of 
them which reaches the blood in a state of incomplete oxi- 
dation, cannot be further oxidized there because, as we have 
already seen (p, 247), no processes of oxidation take place in 
the blood. 

The power possessed by a diabetic of utilizing levorotatory 
sugar is a remarkable fact, which was observed by Kulz.* 

^ See the interesting notice in the report of the investigations carried out on 
the 'professional faster,' Cetti, in Berlin {Berliner Wochtnschrift^ vol. xxiv. p. 
4U: 1887). 

2 Carl Gaehtgons, ** Ueber den Stoffwechsel eines Diabetikers, verglichen 
mit <lem eines Gesunden," Dissert.: Dorpat, 1886. 

3 PetU-nkofer and Voit, Zeitschr. f. Biolog., vol. Hi. pp. 400, 408, 412-^14, 
423. An account of the older literature will l)e found here, pp. 425-426. 

"* Frerifhs, loc. cit., p. 276, et aeq. 

^ Kiilz, loc. cit., pp. l.'i(>-167. Also Worm-Miiller, Pfluger's Areh.^ vol. 
xxxiv. p. .")76: 1884; S. de Jong, " Overomzetting van milksuiker by diabetes 
mellitus," Dissert.: Amsterdam, 1886 ; and Franz Hofmeister, Arch./, erper. Path, 
u. Phann., vol. xxv. p. 240: 1889. 
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He showed that after eating 100 grms. of levorotatory fruit- 
sugar, no sugar appeared in the urine of a patient who was 
but slightly affected with the disease, and that the amount 
of sugar, which consisted only of dextrorotatory grape-sugar, 
was not increased in the urine of a patient who had a severe 
form of diabetes. 

Inulin behaves in the same manner as levulose. It is 
found in the roots of elecampane, chicory, and dandelion, and 
in the tubers of dahlias, where it plays the same part as the 
starch in the potato tubers. Inulin stands in the same rela- 
tion to levulose as starch does to dextrose : on boiling with 
dilute acid, it is split up with hydration to form levulose, just 
as starch is changed into dextrose. Inulin evidently under- 
goes this decomposition in the organism as well ; like levulose, 
it is consumed in the body of a diabetic. 

It is well known that, on boiling with acids as well as 
by the action of ferments, cane-sugar is split up into equal 
quantities of levulose and dextrose. In conformity with this, 
Kulz observed that, after the administration of cane-sugar in 
the aggravated form of diabetes, the increase in the excretion 
of dextrose was equal to half the amount of the cane-sugar 
eaten. These experiments of Kiilz on the fate of levorotatory 
sugar in diabetics have since been repeated many times.^ 
The results are however contradictory, and it appears that 
different patients vary in their power of utilizing this sugar. 
In general, the statement that levorotatory sugar is entirely 
or in greater part assimilated has been confirmed. In many 
cases, however, a small quantity of dextrorotatory sugar 
appeared in the urine as a result of the ingestion of levo- 
rotatory ; and the question has still to be decided whether in 
such cases the levorotatory sugar has been directly converted 
into dextrorotatory, or whether it has merely exercised in 
the body a sparing influence on the latter. 

This limitation of the power in diabetics to utilize levo- 
rotatory sugar only is no isolated phenomenon in animate 
nature. Certain fungi and bacteria act in the same way as the 
cells.* Of the optically inactive lactic acid, which contains equal 

* J. B. Havcraft, ZeiUehr, f, phytioL Chem., vol. xix. p. 137 : 18S4 ; P. 
Palma, ZeiUchr. /. HeUk,, vol. xv.: 1894; W. Hale White, ZeiUehr, /. klin, 
Med,, vol. xxvi. p. 332: 1894; Karl Grube, ibid., vol. xxvi. p. 340: 1894; 
C. A. Socin, "Wie verhalten sich Diabetiker Lavuloee-Milchzuckerzufuhr 
gegeniiber? " Dissert.: Strassburg, 1894. The earlier literature is here given. 

2 Pastear, Campt, rend., vol. xlvi. p. 615 : 1858 : vol. li. p. 298 : 1860 ; 
vol. Ivi. p. 416: 1863; J. A. Le Bel, ibid., vol. Ixxxvii. p. 213: 1878; vol. 
Ixzxix. p. 312 : 1879 ; vol. xcii. p. 843 : 1881 ; J. Lewkowitsch, Ber. d. deuUch. 
Chem, Oes., vol. xv. p. 1505 : 1882 ; vol. xvi. pp. 1569, 2720, 2722 : 1883. Also 
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quantities of dextrorotatory and levorotatory lactic add, the 
Penieillium glaucum consumes the latter only, leaving the 
former untouched; in the same way, this fungus leaves the 
dextrorotatory only in a mixture of both kinds of mandelic 
acid. Saccharomyoes dUpsoideus^ on the contrary, consumes 
the dextrorotatory mandelic acid only, leaving the levorota- 
tory ; and this is also the case with a certain variety of bac- 
terium. Penieillium glaucum behaves in the opposite way 
towards tartaric and glyceric acids compared with its action on 
lactic and mandelic acids; it leaves the levorotatory tartaric 
and glyceric acids untouched. 

From the above remarks, it appears that so fkt we have 
only definitely ascertained that the power of utilizing dextro- 
rotatory sugar is diminished in diabetes. 

Now, as the bulk of the sugar is normally decomposed in 
the muscles, it seems probable that diabetes may fundamentally 
be due to a disturbance of the chemical processes in muscle. 

Insufficient use of the muscles, a sedentary mode of life, 
are frequently given as causes of diabetes. This harmonizes 
with the fact that the disease comparatively often (30 per 
cent, of all cases) occurs in stout people. Obesity is invari- 
ably a result of insufficient muscular exertion (see end of 
Lecture XXIV.). Moveover, a few cases of diabetes have 
been successfully treated by systematic muscular exercise.* 

But the chemical processes in muscle are subject to the 
influence of the nervous system, and numerous observations 
tend to show that the symptoms in diabetes are caused by 
disturbances which originate in the central nervous system. 
The disease sometimes occurs immediately after and may be 
traced to, injury to the head, or it accompanies organic affec- 
tions of the brain (hemorrhages, tumors, sclerosis), or other 
nervous diseases, psychoses, &c. Occasionally violent mental 
excitement or neuralgia has caused an outbreak of the 
malady. In post-mortem examinations of diabetics, the brain 
more frequently shows pathological changes than any other 
organ. 

Seegen,^ who has treated over a thousand cases of diabetes, 
declares that 90 out of every 100 of such cases suffer fix>m some 
form of ner\'ous disorder, and adds that, in the numerous cases 
of hereditary diabetes in one and the same fiunily, some may 
suffer from some form of psychical disorder, in most cases 

Em. Bourquelot, Compt. rend., vol. c. pp. 1404, 1466; vol. ci. pp. 68, 958: 1885 ; 
Maumen^, ibid., vol. c. p. 1505; vol. ci. p. 695: 1885; H. Leplay, vol. ci. 
p. 479 : 1885. 

* Kiilz, loc. cit., vol. i. pp. 179-216; and vol. ii. pp. 177-180. 

2 J. Seegen, " Die Zuckerbildung im Thierkorper, Ac," p. 26S : Berlin, 1890. 
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melancholia leading off into suicide, while other members are 
diabetic. 

Much confusion has arisen owing to the endeavor to ex- 
plain the nature of chronic or 'natural' diabetes (as it has 
been called), from the observations carried out on 'artificial' 
diabetes. CI. Bernard has shown that a puncture in the floor 
of the fourth ventricle, midway between the origins of the 
auditory and pneumogastric nerves, is followed by the passage 
of sugar into the urine. This artificial diabetes is obviously 
quite a different process to the natural disease. It lasts only 
for a few hours ; and if, at the expiration of this time, when 
the uBine has again become free from sugar, the animal be 
killed, no glycogen will be found in the liver. If all glycogen 
be removed from a dog by starvation, puncture of the ' diabetic 
center ' remains without effect.^ 

If a solution of grape-sugar be injected into the mesenteric 
vein of a healthy dog, which has been deprived of glycogen by 
starvation, very little sugar appears in the urine. But if the 
liver be freed from glycogen by puncture of the floor of the 
fourth ventricle, and the injection into the mesenteric vein 
be then given, a very large amount of sugar is fi^und in the 
urine.* 

Artificial diabetes therefore is due to the inability of the 
liver, in consequence of disturbed innervation, to retain the 
glycogen. The blood becomes flooded with sugar, which passes 
into the urine. 

If natural diabetes were due to the same cause, and if the 
liver had lost its power of regulating the amount of sugar in 
the blood, of storing carbohydrates during absorption, and of 
supplying sugar to the blood according to the needs of the 
economy, we should expect to find that the amount of sugar 
in the blood of diabetics would sometimes be above and some- 
times below normal. This is not the case ; it has always been 
found to be increased. 

The objection may be raised that the diabetic patient 
takes food in such quantities and so often, that absorption 
is never interrupted, and that the blood is constantly loaded 
with sugar. 

We must therefore try to decide the question in a direct 

* LeoiK>ld Seelig, " Vergleichende Untersuchungen uber den Zuckenrerbraueh 
im diabetischen and nicht diabetischen Thiere/' Dissert.: KonijirsberK, 1873. 
The works of Pavy and Dock are quoted here. Luchsinger has published a con- 
firmation of these results : " Exper. u. krit. Beitrage zur Physiol, u*. Pathol, des 
Glycogens," Dissert., p. 72: Zurich, 1875. 

' Naunyn, Arch, /. exper. Path, u, Pharm,, vol. iii. p. 98 : 1H75. A critical 
account is here given of the earlier works on this point. 
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manner, and ascertain whether a diabetic liver contains gly- 
cogen. This method has actually been adopted. 

Kiilz^ examined the liver of a patient who soffered from 
the aggravated form of diabetes, and had been for a long time 
before his death restricted to a diet of meat. The patient 
had taken his last meal thirty-four hours before death, and 
had been moribund for twenty-eight hours. The post-mortem 
took place twelve hours after death. About the tenth part 
of the liver served for the determination of glycogen, and 
yielded roughly 0.7 grm. of glycogen. Kulz estimated the 
amount of glycogen in the whole liver at from 10 to 15 grms. 
Besides this, it contained a large quantity of sugar, part of 
which also originated from the glycogen.* The amount of gly- 
cogen during life must therefore have been very considerable. 

Von Mering' had the opportunity of examining the livers 
of four diabetics in Frerichs' wards. " Two of them, who died 
of phthisis, and who had no sugar in the urine eighteen and 
twenty hours before decease (although there had previously 
been a considerable amount), exhibited neither glycogen nor 
sugar in their livers, although in one case the post-mortem 
examination took place immediately ailer death. In the two 
other cases where the diabetics died suddenly, and the urine 
removed from the bladder after death was full of sugar, both 
glycogen and sugar were found in abundance." 

M. Abeles* examined the organs in the bodies of five 
diabetics, in E. Lud wig's laboratory in Vienna. No glycogen 
was found in any of the organs examined in two cases, one of 
which had died of phthisis, and the other of prolonged funm- 
culosis and metastatic purulent pericarditis. The remaining 
patients had died from diabetic coma. The organs were not 
examined for several hours after death. The liver was ex- 
amined in two cases, and a little glycogen was found : 0.16 
grm. and 0.59 grm. There was none of the muscles. 

The liver of living diabetics has also been examined for 
glycogen in Frerichs' wards.* These experiments are so im- 
portant that I will quote the passages, unfortunately very short, 
in which they are described. 

' Kiilz, Pfliiger's Arch., vol. xiii. p. 2t)7 : 187G. See also the older statements 
of Kiihne. Vin'how's Arch., vol. xxxii. p. 543: 1865; and M. Jafi^, i6i<f., vol. 
xxxvi. p. L'(» : 18t>(). 

2 To obtain an exact estimate of the glycogen, the liver must be immersed in 
boiling water dirtHtly after death, in order to stop the fermentative action by 
whicli tlio glycogen would otherwise Ik? broken up. 

=• Von Mering. Ptliigt'r's Arch., vol. xiv. p. 284: 1877. 

"» M. Abeles. Ccntntlbl. f. d. mrd. Whjtni^ch., p. 449: 1885. 

» I'riTielis, /(*,-. cit., p. 272. Also plates of the histological sections of the 
livers. 
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" Professor Ehrlich effected it by means of a fine trocar, 
which had been carefully disinfected, and which was inserted 
in the parenchyma of the liver. When the instrument was 
removed, sometimes a little blood only, but generally a few 
hepatic cells, either isolated or united in groups, were found in 
the tube ; there was occasionally a somewhat larger piece of the 
liver, which was hardened in alcohol, and cut, after being im- 
bedded in celloidon. In this way, we were able to examine the 
hepatic tissue during life in three cases. They had all, both 
healthy and diabetic, eaten heartily, especially of amylaceous 
food. The puncture was made from four and a half to five and 
a half hours aftier the meal. 

" A considerable quantity of glycogen was found in the 
first case, that of a healthy man, addicted however to 
alcohol. The cells in the peripheral r^ions of the acini 
had undergone fatty degeneration, but contained glycogen 
as well. 

" The second case was that of the diabetic Dn. The hepatic 
cells were almost free from fflycoeen, though a few showed a 
slightly brownish hue, denotbg the presence of traces of this 
substance. 

" In the third case, that of a diabetic woman, a tolerably 
large amount of glycogen was found in the hepatic cells. The 
distribution of glycogen was very unequal, parts containing but 
little alternating with others richly provided with it. Large 
granules of glycogen, which frequently filled almost the whole 
of the cells, were oftien found at the margin of the lobule. 
They did not however consist of pure glycogen, but mainly of 
a supporting subtance, as their yellowish color denoted. They 
could not be regarded as artificial products caused by the alcohol, 
as they occurred likewise in dried preparations. The nuclei 
were generally free from glycogen, although in one place gly- 
cogen appeared to be deposit^ round the nucleolus. This is 
very analogous to the deposits of starch round the nucleoli in 
plants. 

" Examination of the dried preparations, which were ob- 
tained from repeated punctures, showed the same result, 
t. e., absence of glycogen in case 2, and a moderate amount 
in case 3.^' 

I think these facts also indicate that we cannot apply the 
term diabetes to one single malady ; lesions similar to those 
which produce artificial diabetes, may also produce certain 
forms of the malady (and especially glycosuria from injury 
to the medulla oblongata), but by no means all. 

The &ct that no sugar passes into the urine in cases of 
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extensive hepatic disease^ in cirrhosis of the liver, and in phos- 
phorus-poisoningy is very remarkable. Frerichs ooold not 
detect anj sugar in the urine, even after large quantities of 
grape-sugar had been taken, in cases of cirrhosis of the liver, 
where a subsequent autopsy showed complete degeneration of 
that organ.^ After administration of from 100 to 200 grms. of 
grape-sugar to patients suffering from phosphorus-poisoning in 
Frerichs' wards a small amount of it was traced in the urine 
in two cases, while in seventeen others the result was n^ative. 
No trace of sugar or glycogen was ever found in the liver in 
any case of phosphorus-poisoning, where fisttty d^eneration of 
that organ had set in.' 

Diabetes is evidently not due only to a disturbance of the 
glycogenic function of the liver. As fiur as I know, the muscle 
of diabetics has only been examined for glycogen in two cases, 
and, as already stated, with a negative result.^ 

Although the artificial diabetes discovered by Bernard does 
not serve to explain the natural form of this diisorder, another 
kind of artificial diabetes, which has been the subject of much 
research during the last few years, seems to bring us nearer to 
a solution of the problem — I mean the diabetes that follows the 
extirpation of the pancreas. 

It was long ago pointed out that pathological alterations in 
the pancreas are frequently to be found in autopsies on diabetics. 
Frerichs^ especially drew attention to this point, and showed 
that, in fifty-five fatal cases of diabetes, well-marked macro- 
scopic changes in the pancreas were to be found in eleven of 
them. The experimental proof of the connection of the pan- 
creas with diabetes could however only be given later, after 
surgical technique and especially the aseptic method had 
reached the state of perfection necessary for so serious an 
operation. 

J. von Mering and O. Minkowski* have operated on more 
than fifty dogs, and have found that, in all cases without excep- 
tion where the complete extirpation of the pancreas had been 
successfully carried out and the animals had survived more than 
twenty-four hours, well-marked and severe diabetes was pro- 
duced with all its characteristic symptoms, such as great thirst, 
large appetite, polyuria, and rapid decline of strength. 

* Frerichs, loc, cit.f p. 43. • Ibid,^ p. 45. 
' Abeles, loc. cit. 

^ Frerichs, loc. cU,, pp. 144-183. See also the case-hiBtories, pp. 23S-248. 

• J. von Mering and O. Minkowski, Arch, f, exper, PaiK u. Pharm., vol. 
xzvi. p. 371 : 1890. Minkowski, Berl, klin. WocheMchr., No. 5 : 1892 ; and 
*' Untersuch. ub. d. Diabetes mellitus nach Ezs. d. Pankrea8,"Leiprig, 1893. In 
this latter work the rest of the literature on the subject is fedrly fully £^ven. 
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The excretion of sugar b^an in some cases four to six 
hours after the operation, in most cases somewhat later, often 
not until the next day. Within twenty-four to forty-eight 
hours, the glycosuria reached its highest point, the sugar 
amounting to between 5 and 11 per cent, of the urine, even 
before the animals had taken any food whatsoever. £yen aftier 
seven days' starvation or exclusive meat diet, the sugar did not 
disappear from the urine. For instance in one dog weighing 
8 kilos, on a plentiful diet of meat and bread, the daily excre- 
tion of sugar over a considerable time amounted to between 70 
and 80 grms. In some cases large quantities of aceton, aceto- 
acetic acid, and oxybutyric acid also made their appearance in 
the urine. The sugar was also largely increased in the blood. 
In one case, on the sixth day aft^ ^e operation, it amounted 
to 0.3 per cent. ; in another case, on the twenty-seventh day, 
to 0.46 per cent. 

The glycogen, all but minute traces, disappeared early from 
the organs. Dextrorotatory grape-sugar, administered with the 
food, reappeared without loss in the urine. Levorotatory 
sugar was in great part utilized, though a certain proportion 
was converted into dextrorotatory, and excreted by the kid- 
neys.^ On feeding with levorotatory sugar, glycogen was de- 
posited in the liver and muscles. 

These statements of Mering and Minkowski have been con- 
firmed by many other authors, especially by Lupine* and 
H6don.* 

If we now attempt to explain the connection between the 
extirpation of the pancreas and diabetes, the idea naturally 
presents itself that under normal circumstances the sugar-form- 
ing food-stuffs are altered in some way in the intestine by the 
pancreatic juice, and that this alteration is a necessary prelimi- 
nary to their destruction in the tissues. Thus absence of pan- 
creatic secretion would leave the sugar undestroyed. 

It is quite tnie that certain disorders of digestion occur aft^r 
ablation of the pancreas. The examination of the feces of dogs 
B&er this operation shows that a large amount of fat, proteid, and 
starch escapes absorption. This will not however serve to explain 
the symptoms of diabetes, since simple ligature of the pancreatic 
duct is not followed by any diabetes. Moreover in many cases 
the larger portion of the gland has been excised, and only a 

^ Minkowski, ** Untenuch./' Ac, p. 68. Compare Fr. Voit, ZeiUehr. /. 
BioL, vol. xxyiii. p. 353, and yol. xzix. p. 147 : 1892. 

s Lupine, Wien, Med, Prene, Nos. 27-32 : 1892. Here also most of Lupine's 
previous papers are qaoted. 

* HMon, Arch, d, Phynol, : April, 1892. Compt, rend., vol. czii. p. 1027 : 
1891 ; and yol. cxy. p. 292 : 1892. 
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small bit has been left free from all connection with the duode- 
num, and yet no glycosuria has been produced. If &ct diabetes 
as a rule occurs only ailer complete extirpation of the gland. 
If only a minute portion of the gland be left, there results either 
no diabetes at all or only the milder form of this disorder, in 
which sugar disappears from the urine on a purely proteid diet 
or during starvation, to reappear after eating bread. If the ex- 
tirpation is complete, the glycosuria persists, as I have already 
mentioned, in spite of long-continued inanition. We must con- 
clude therefore that the responsible fiictor is not a disturbance 
in the intestinal functions, and that the gland, besides the for- 
mation of its secretion, must possess other functions, which are 
a necessary condition of normal sugar destruction in the body. 
Before however we inquire into the nature of this fimction, 
we must deal with an obvious objection that has been raised to 
these experiments, viz., that the glycosuria is caused by the 
unavoidable damage to neighboring organs, especially the solar 
plexus, in the course of the operation. That this is not the case 
is shown by the fact that any portions of the gland may be 
removed piece by piece without the occurrence of glycosuria. 
Only when the remaining fragment of the gland is extirpated 
do symptoms of diabetes make their appearance. Destruction 
of the solar plexus without removal of the pancreas produces, 
not diabetes but only acetonuria and transient glycosuria.' Espe- 
cially decisive is the following experiment. The lowest portion 
of the descending limb of the pancreas in the dog is not con- 
nected with the duodenum, but lies free in the mesentery. This 
piece of the gland can be separated so as to be freely movable, 
and attached only by a long pedicle containing its artery and 
vein. It can therefore be taken out of the abdominal cavity 
and be grafted under the skin near the opening in the abdo- 
minal wall, without in any way interfering with its blood- 
supply. When the animal has recovered from this operation, 
the abdominal wound is again opened, and the whole remaining 
portion of the gland extirpated, so that the animal has left only 
the small portion of gland under the skin of the abdomen. After 
this operation no diabetes occurs, and large quantities of carbo- 
hydrates may be given to the animal, without giving rise to 
glycosuria. The small subcutaneous bit of pancreas prevents 
the development of diabetes, which at once follows in all its 
intensity if this piece be removed. '* It is thus possible in this 
way to produce diabetes in its severest form leading to the 
death of the animal by a small operation, which lasts only a few 
minutes and is accomplished without opening the peritoneal 

' Lustig, Arch, per le acienze mediehe^ vol. xiii. Fas. 2 : 1S89. 
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cavity, and in which there can be no suspicion of any kind of 
injury to adjoining important structures." This experiment 
has been several times successfully performed by Minkowski, 
and in every case with the same result. 

There can be thus no doubt that the pancreas influences 
directly or indirectly the destruction of sugar, and that this in- 
fluence is absolutely independent of processes which go on in 
the small intestine. We must therefore assume either that the 
sugar of the blood undergoes some changes in passing through 
the gland, which prepare the way for its further destruction, or 
that the gland gives ofl^ some substance to the blood and tissues, 
which enables directly or indirectly the destruction to take place 
in other organs of the body. 

The former assumption is rendered improbable by the fact 
that only a small fraction of the whole blood passes through 
the gland, especially in the experiments where the presence 
of a tenth part of the whole glimd has prevented the appear- 
ance of diabetes. Moreover, in experiments carried out in 
Stricker^s laboratory^ on the amounts of sugar in the blood 
flowing to and away from the gland, no difference could be 
found. 

The second assumption seems therefore the only possible 
one, viz., that the gland gives off some substance which influ- 
ences the process of sugar destruction. This influence might of 
course be very indirect. We might imagine for instance that 
the substance in question plays a part in the functions of cer- 
tain portions of the central nervous system, and that the meta- 
bolism of the muscles, where the chief part of the sugar is 
destroyed, is influenced by these nerve-centers. Analogies for 
such an indirect process are not wanting, and I might remind 
my readers of the extensive disturbances in the functions of the 
central nervous system, which result from the extirpation of 
the thyroid gland, and which are prevented so long as a piece 
of the gland is left or is transplanted into the abdominal wall.' 
We should thus return to our previous hypothesis, viz., that 
disturbances in the functions of the central nervous system are 
the cause of diabetes. 

I would however once more emphasize the fact that the 
various forms of diabetes may have different modes of causa- 
tion, and we need not assume that a morbid affection of the 
pancreas is in all cases a necessary preliminary. Even if 
pathological changes could be detected in the pancreas in all 

»Pal., Wien, klin, Wbchensehr., No. 4: 1891. 

- A. von Eiselsberg, Wien, klin, Wochen9chr., p. 81 : 1892. Here the pre- 
vious literature is also quoted. 
26 
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cases of diabetes^ thej might just as well be the oonseqaence as 
the cause of the nervous affections. 

A careful microscopical investigation of the pancreas in all 
fisttal cases of diabetes is much to be desired. Hitherto pathol- 
ogists have for the most part been* satisfied with a mere inspec- 
tion of the organ. 

The varying course and issue of the disease seem also to 
show that there are many different forms of diabetes.^ We 
can find all stages between transient and symptomatic gly- 
cosuria on the one hand, and the chronic variety of diabetes 
on the other. We occasionally see that the milder forms of 
chronic diabetes are as completely cured as symptomatic 
glycosuria. In chronic diabetes, a temporary disappearance 
of glycosuria may, as we have already mentioned, be fre- 
quently induced by a withdrawal of carbohydrates from the 
food. If the patient takes active exercise, a considerable 
quantity of carbohydrates may be borne without a passage of 
sugar into the urine. In other cases again, the excretion of 
sugar continues, although the fix)d may consist exclusively of 
proteid and fisit. Slight forms of diabetes frequently become 
aggravated, and, apart from this, they are not exempt from 
fatal complications. The severe form also runs a vaiying 
course. It is sometimes acute, and death occurs after a few 
weeks, or it may be after a year or two; in others, it may 
not take place for from ten to twenty years. Ordinarily 
glycosuria is associated with polyuria, the daily amount of 
urine rising to as much as 12 liters, while the patients are 
tortured by continual thirst. On the other hand, sugar may 
appear in the urine without polyuria and increased thirst. 
Frerichs' has observed more than thirty cases in which the 
amount of urine did not exceed 1 700 to 2000 cms., while the 
quantity of sugar rose from 4 to 6, and even 8 per cent. In 
rare cases, diabetes mellitus may pass into diabetes insipidus,^ 
polyuria without glycosuria. In diabetes, death is caused by 

' Frdr. Albin Hoffmann has made an interesting attempt to claanfy and 
define the various forms of diabetes ( Verhandl, d. Congr./ur inn, Med,, p. 169 : 
Funfter Congress, Wiesbaden, 1886). Compare also Kulz, loc, cU,, vol. i. p. 217 ; 
and vol. ii. p. 144. 

2 Freriehs, loc. cit., p. 192. 

^ This shows that polyuria in diabetes mellitus is not a neoesaarj conse- 
quence, at any rate not in all cases, of the glycosuria, but may be the result of 
a special nervous disturbance. Concerning diabetes insipidus, see Kulz, ** Beitr. 
zur Pathol, u. Therap. des Diabetes mellitus u. insipidus,'^ vol. ii. : Marburg, 
1875. The previous literature on diabetes insipidus is summarized, pp. 28-31, 
and particularly that dealing with the occurrence of inosit in the urine in this 
disease. Vide Kiilz, Siizttngsber. d. Get, z. Beford. d, get, Naturtp,xu Marburg, 
No. 4 : 1876. For the chemical properties of inosit, see Maquesne, Compt, rend., 
vol. civ. pp. 22,"), 297 and 1719 : 1887. 
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various complications, such as simple marasmus, pulmonary 
phthisis, fiirunculosis or carbuncles, nephritis, &c., and is fre- 
quently ushered in by diabetic coma. 

I will dwell upon these symptoms a little more fully, 
because recent researches afford a perfectly satis&ctory chem- 
ical explanation of them. The abnormal constituents of the 
urine, to which I have already drawn attention, oxybutyric 
acid, aceto-acetic acid, and aceton, which may frequently be 
traced in small quantities during the earlier stages of the dis- 
ease, become considerably increased in coma. We shall im- 
mediately see that the cerebral symptoms occur at the same 
time that these substances are produced. 

A comatose condition certainly may occur towards the 
close of the disease, without these abnomml products of metab- 
olism being formed, but in these cases the coma depends upon 
complications, such as acute cardiac insufficiency, cerebral hem- 
orrhage, nephritis, and the like. But in most cases, the above- 
named substances are demonstrable in the urine in diabetic 
coma ; and the majority of authors have attributed this variefy 
of coma to their narcotic influence,^ especially to that of aceton, 
which acts in this respect like alcohol, ether, and other mem- 
bers of this group. But more careful experiments showed 
that the narcotic action of aceton was not powerful enough to 
account for diabetic coma,' especially if it be considered that 
aceton arises from proteid, and that the amount of the latter 
decomposed is not sufficient to yield the quantity of aceton 
required to produce coma. 

The action of aceton resembles that of ethyl alcohol, but 
is not quite as powerful. Aceton can be given to dogs in 
the proportion of 1 grm. for every kilogrm. of body weight 
without any effect. Doses of 4 grms. for every kgrm. cause 
symptoms of intoxication with marked motor disturbances, 
similar to those produced by ethyl alcohol. Eight grms. for 
every kgrm. is the fatal dose of aceton, and from 6 to 8 grms. 
that of ethyl alcohol.' In order therefore to poison a person 
weighing 70 kgrms., from 600 to 600 grms. must be taken. 
This amount could not possibly be formed from decomposing 
proieid. 

^ A complete sammarj of aU the literature on this Bubjeot is given by yon 
Buhl, 2Seitsehr. /. Biolog,, toI. xvi. p. 413 : 1880 ; and by Bndolf yon Jaksch, 
*' Ueber Acetonorie a. Diaceturie " : Berlin, Hirschwald, 1885. AUo Frerichs, 
loe, cU., pp. 114-120. 

• Vide Peter Albertoni, Arch, /. exper. Path, u. Pharm,^ voU xyiii. p. 218 : 
1884 (from Hchmiedeberg's laboratory). This includes a complete report of the 
numerous earlier experiments. 

* Albertoni, loc. eU,, pp. 223, 224, 226. 
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That diabetic coma does not result from ihe narcotic 
action of aceton is further proved bj the &ct already stated, 
that the amount of aceton in the urine sometimes diminishes 
during the stage of coma, while there is an increase in its pre- 
cursor, oxybutyric acid, which has no paralyzing influence on 
the brain.^ 

Stadelmann' and Minkowski' have however offered a 
satisfisM^tory explanation of this condition. They refer it to 
a saturation of the alkalies in the blood by the products of 
incomplete combustion, which are of an acid nature like 
oxybutyric acid. The symptoms of diabetic coma are in &ct 
similar to those observed by Fr. Walter^ in animals, which 
he poisoned with mineral acids. When dilute hydrochloric 
acid was injected into the stomach of a rabbit, dyspnea 
occurred, the animal lost the power of motion, and died with 
all the signs of collapse. But if carbonate of soda were sub- 
cutaneously injected after the symptoms of poisoning had 
set in, the animals recovered. Walter estimated the caiv 
bonic acid in the blood of animals which had been poisoned 
with acids, and found only from 2 to 3 per cent, by volume. 
This, as I have shown in our remarks on the gases of the 
blood (p. 262), is the amount of carbonic acid which is 
simply dissolved in the blood. Consequently the blood of the 
poi.soned animals contained no alkalies that could fix the 
carbonic acid, as they had been saturated with the hydro- 
chloric acid.* It follows that the blood had been deprived 
of the carrier of the carbonic acid, which consequently ac- 
cumulated in the brain, and produced the usual symptoms. 
Walter has also demonstrated, as I have mentioned, that the 
admiuistration of acids increases the amount of ammonia in 
the urine. Very similar phenomena are obsen^ed in diabetic 
coma. The effect of hydrochloric acid in the experiments on 
animals is identical with that of oxybutyric acid in diabetic 
coma. Here also dyspnea is a symptom ; the diabetic also 
shows an increase of ammonia in the urine, and this increase 

* Woli>e, " Unters. fiber die Oxybuttereaure des diabetischen Hames," Dis- 
sert. : Konijfsberjf, 1886; Arch. f. exper. Path. u. Pharm.^ yol. xxi. p. 138: 1886; 
and O. Minkowski, Mittheihingen aus der medicin. Klinik zu Konigtherg^ vol. 
xvii. p. 443: 1S83. 

* K. Stndelnmnn, Arch./, exper. Path. u. Pharm.^ vol. xvii. p. 443 : 1883. 

* O. Minkowski, loc. cit. 

* Fr. Walter, Arch. /. exper. Path. u. Pharm.^ vol. vii. p. 148: 1877 (fW>m 
Sehmiedeberg's laboratory). 

^ Walter {loc. cit.) speaks of withdrawal of alkali, which has not been proved 
by his exi>erinieuts. The alkalies that are saturated by the acid may remain in 
the blood as neutral saltj«, until the kidneys have excreted the acid, leaving the 
bases in the blood. 
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reaches the highest point in the stage of coma.^ Minkowski 
has also determined the amount of carbonic acid in the 
blood of a comatose diabetic patient, and has only found a 
volume percentage of 3.3. The blood had been taken a short 
time before the death of a patient from his radial artery.^ 
Blood taken from the dead bodj had a distinctly acid reac- 
tion, and contained large quantities of oxybutyric and sarco- 
lactic acids. 

Finally, I may be permitted to make a few remarks on the 
treatment of diabetics from the chemical point of view. 

So long as the causes of the different forms of diabetes are 
unknown to us, there can be no question of a rational mode of 
cure. We can do nothing more than relieve the most painful 
symptoms. 

It has been quite right to try and reduce the amount of 
undecomposed sugar in the body, not only because it is useless, 
but because its circulation induces disturbances in all the 
tissues, and because certain organs, especially the kidneys, are 
overworked, and a tormenting thirst is induced. On this 
ground, muscular work is strongly to be recommended. Kulz,' 
as we have already remarked, has shown that in many cases 
muscular exertion materially diminishes the excretion of sugar. 
Bouchardat asserts that he has obtained permanent improve- 
ment in many cases by this method. It does not answer in all 
cases, a circumstance which also tends to prove the existence of 
different forms of diabetes. 

If we desire to reduce the amount of carbohydates, we 
must be prepared with a substitute. A diet consisting exclu- 
sively of proteid is objectionable, because it gives rise to 
acetonuria, and increases the danger of coma. So long as the 
theory prevailed that diabetes consisted essentially in an in- 
ability to decompose the sugar, it was sought to introduce the 
products of decomposition with the food. But we are not 
acquainted with the intermediate products of the decomposition 
of sugar, and even if they were known to us, we could not 
replace the sugar by introducing them, because at the moment 
of decomposition kinetic energy is liberated, which is utilized 
in the performance of muscular and other fimctions. Never- 

^ Minkowski, Ice, eit,, p. 179. 

* I must refer to the extremely interesting original work for the details of 
this experiment. It ako contains important critical obserrations on recent liter- 
ature of diabetes. 

* Kulx, loe, cU,, Tol. i. pp. 179-216 (where the older statements of Troosseaa 
and Bouchardat are quoted), and vol. ii. pp. 177-180. Also Dr. Carl Zimmer, 
" Die Muskeln eine QueUe, Muskelarbeit ein Heilmittel bei Diabetes ": Karlsbad, 
1880; and yon Mering, Verhandl, d, Conffreuesf, innere Medicin^ p. 171 : Wies- 
baden, 1886. 
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thelesS; some phjsicians have thought that the dailj administra- 
tion of from 5 to 10 grms. of lactic acid would serve as a sub- 
stitute for the 300 to 800 grms. of carbohydrates required by 
an adult ! Larger quantities of lactic acid cannot be given, 
because thej would disturb the digestion. 

Acting on an erroneous supposition of O. Schulteen/ who 
miagmed glycerin to be one of the normal products of the de- 
composition of sugar, they have tried to replace sugar by 
glycerin. The latter has the advantage over lactic acid of 
its sweet taste, but only a very small quantify can be pre- 
scribed. After larger doses diarrhea occurs, and a part of 
the absorbed glycerin passes unaltered into the urine (vide 
supra, p. 362).^ Glycerin should therefore be given in its 
natural form as &t.' Fats can be digested very well by 
diabetics {vide supra, p. 388), and are the best substitutes for 
the carbohydrates.^ 

Many attempts have been made lately to administer levo- 
rotatory sugar to diabetics. C. A. Socin,' however, as the re- 
suit of a careful experiment, gives an emphatic warning against 
this treatment. He finds that in the mild form of diabetes th^ 
levorotatory sugar is at first destroyed, but the body rapidly 
loses this power. The same result is observed after the admin- 
istration of small quantities of dextrorotatory sugar, for which, 
even in the mild form of the disease, patients soon lose their 
tolerance. 

It is well known that essential improvement in the condition 
of diabetics, especially with r^ard to the elimination of sugar, 
is efiected by the use of alkaline, and particularly of Carlsbad, 
water in the water-cures. It was thought that the increased 
alkalescence of the blood &vored combustion (vide supra, p. 
247). This explanation appears still more probable if we con- 
sider the abnormal acids which occur in the blood of diabetics. 
But it has been proved by direct experiments that the mere 
administration of carbonat^ of alkalies without the mode of 



* O. Schultzen, Berliner kUn. WocheMchr,, No. 36 : 1872. 

* To satisfy the sense of taste, saccharin has recently been introduced as a 
substitute for sugar. With regard to the experiences of its use, see E. Kohl- 
■ohiitter und M. Elsasser, Areh. /. klin, Med., yol. xli. p. 178 : 1887 ; and the 
article '* Saccharin," by T. Stevenson and L. C. Wooldridge, in the Laneei, 
November 17, 1888. 

* Considerable variety and change of diet may be effected in the way of fats 
with fat fish, of which a number are easy of digestion, yolk of egg, fresh cream 
(one-half of its small production of milk-sugar being utilised by diabetics), 
almonds, nuts, cocoa, and olives. 

* Pettenkofer and Voit, ZeiUchr.f, Biolog., vol. iii. p. 441 : 1867- 

* C. A. Socin, " Wie verhalten sich Diabetiker," Ac, Dissert., Strassbnrg: 
1894. 
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life adopted at watering-places^ does not diminish the excretion 
of sugar.^ 

So far the attempts to subdue diabetic coma by the injection 
of carbonate of soda into the blood have remained without anj 
fiivorable results.* We cannot expect to obtain any real im- 
provement from the addition of alkalies^ because this mode of 
treatment deals only with the symptoms^ and not with the cause 
of the disease. 

^ Frericlui, loc. eit,, p. 263. Nenoki and Sieber, Joum, /. pmkt. Chem., vol. 
xzTi. p. 33: 1882. Also Kulz, loe, eU., vol. i. 31 ; ii. 154. A Bummary of all the 
earlier literature will be found here. 

> O. Minkowski, MiUheilungen tnu der meddeinUehmt KUnik mu I^onigsberg, 
«. iV., pp. 183-186 : 1888. 
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INFECTION 

The time-worn controversy as to the origin of infectious 
diseases, whether they are brought about bj living organisms 
— the " contagium vivum," or simplj by poisons, t. «., definite 
chemical substances, has been finally settled by the unceasing 
labors of the last two or three decades in favor of the former 
alternative. We know that the various infectious diseases are 
due to the entry of different and definite bacteria into the tissues 
of our body. 

Now however arises the further question : Are the symp- 
toms of these diseases the result of the mechanical disturbances 
caused by the spread of the bacteria through the tissues, or have 
we to do with the poisonous products of metabolism ? And the 
conviction is growing more and more clear that the latter theory 
id the right one.^ 

We may cite the following proofs in support of this con- 
tention : 

1. In certain infectious diseases the pathogenic organLans do 
not {>ouetrate into the internal organs, but remain in the sup^- 
fioial mucous membranes, as in the case of diphtheria, or in the 
surlaee of the wound, as in tetanus. And yet in all these mal- 
adies, a general intoxication ensues. 

2. Certain pathogenic bacteria may be cultivated outside the 
IxhIv in artificial nutrient fluids. Such a fluid can then be com- 
pletoly freed from bacteria by filtration, and the filtrate, when 
injected into the body of a hcadthy animal, will produce symp- 
toms of (xn:H>ning similar to those which would re^t if the 
bacteria themselves were inoculated. ( Mde infraJ) 

The adherents of the theory of ^^ living cootagioa " had now 
the :>ame duty to perform which had previoc&^ly fidlen to die lot 
of its opponents, i. cr., of isolating the poisooiS, of preparing 
them as chemical entities, investigating their characcer^ciL*s and 
stuvlviti^ their behavior towards the cooscituents of cfae t&ssoes. 
The morphok^st had done his part : the chemist mosc now 
luterNoue. 

406 
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The poison was first thought to belong to the nitrogenous 
organic bases, the alkaloids. This supposition was &vored by 
the facts that the most intense organic poisons belong to the 
group of alkaloids, and that moreover nitrogenous bases may 
result from the metabolism of the bacteria. Poisonous bases 
readily arise from the decomposition of proteids, of the nu- 
cleins, or by a conversion of the nitrogenous bases preformed 
in the animal tissues, such as creatin, cholin, and the xanthin 
bodies. 

The first attempt to isolate the poisonous bases produced by 
bacterial putrefiustion was made by Bergmann and Schmiede- 
berg/ who prepared in a crystalline form the sulphate of an 
organic base from putrid yeast. When injected into a dog, 0.01 
gr. of these crystals produced vomiting and bloody diarrhea. 

Of the numerous and more recent experiments conducted 
with the object of isolating poisonous alkaloids from the bac- 
terial products ^ I will only select those where a clearly defined 
chemical individual has been obtained, which has been proved 
to be acutely poisonous. 

L. Briber ' prepared from putrid meat and fish two bases, 
which are closely allied to cholin and had probably been formed 
fiY)m the cholin which occurs in the form of lecithin in all 
animal tissues. One of these two bases was neurin ; the other 
was isomeric with muscarin. ( Vide Lect. VI. p. 76.) The neu- 
rin proved to be identical with that synthetically prepared by 
Hofmann ^ and von Baeyer,^ which is distinguished fit)m cholin 
by the possession of one less molecule of water. It must there- 
fore be r^arded as trimethyl-vinyl-ammonium hydroxid : 




^ E. Bergmann and O. Schmiedeberg, Centralbl. /. d, med. Witsefueh,, p. 497 : 
1868. Bergmann, DeuUch. Zeiitehr, f, Chirurgie, toI. i. p. 373 : 1872. 

'The compreheniiye literature on thif subject is quoted by F. Grabner, 
" Beitr. i. Kenntniis der Ptomaine," Din., Dorpat : 1882. M. Nenoki, Joum, /. 
prttkt, Chem., N. F., vol. xxyi. p. 47 : 1882. L. Brieger, " Ueber IHomaine," 
Berlin, Hirschwald, 1885. " Weiteie Unt. ub. Ptomaine," 1885. " Unt. fib. 
Ptomaine." Dritter TheU, 1886, and Virehow*$ Areh,, Tol. cxy. p. 483 : 1889. 
Compare alio F. Selmi, " SuUe ptomaine ed alcaloidi cadaTerici e loro importanza 
in toasicologia," Bologna : 1878, and Gautier, " Coun de Chimie," '* Chimie 
biologique," Paris, pp. 261-270 : 1892. 

* L. Brieger, '* Ueber Ptomaine," Berlin, Hirschwald, pp. 34-36 and p. 48 : 
1886. 

^ A. W. Hofmann, Ck>mpt, rend,^ vol. xlvii. p. 558 : 1858. 

> Baeyer, Ann, d. Chem, u. Pharm,^ vol. cxl. p. 311 : 1866. 



410 UBCTURB xxvn 

Both bases produced toxic effects similar to those of the 
muscarin prepared from fly-fungus. Besides the above- 
mentioned, Brieger' obtained from putrid meat^ cheese and 
gelatin (in small quantity also from fresh eggs and fresh 
human brain ), a base with the empirical compositioD Cfl^^^ 
the constitution of which could not be thoroughly ascertained. 
On boiling with potash it gave off dimethylamin and trimefchyl- 
amin. Briber gaye it the name of neurMlio. This base again 
produced in frogs and rabbits symptoms of poisoning similar to 
those caused by muscarin, and 2 mg. of the hydrochloimte of 
this base, when injected into the dorsal lymph-«c of a frog 
proved fatal. In rabbits the l^hal dose was 0.04 g. per 
kilo, bodyweight. 

Another iMtse, methyl-goanidin, was isolated by Brieger' in 
small amounts from horse flesh which had been nndogdoig 
putrefiiction for four months : 






h: 

The poisonous character of this compomid had alnadr been 
remarked by Baumann and Giergens ' : 1 m^. injected into the 
dorsal lymph-sac of a frog gave rise to definite toxic manifesla- 
tionSy consisting in fibrillar twitchings of the dof^ mnsdes ; 
larger doses brought on convulsive movements of the extrem- 
ities, which frequently became tetanic in charK^er: Oa^ g. 
caused death, which oc<nirred after the mosnilar srmptGiiis had 
lasted for some time, oocasionallv for as much as i^ree daT& 
Brieger made a subcutaneous injection of 0.2 g. of nMshyl- 
guanidin prepared from putrid meat into a gniDea-pig, whxh 
at once became paralyzed in the limbs and dinl tweDiy mmmes 
afterwards with general clonic convulsions. We may aaamiie 
that the methylguanidin was probably formed from ibe treacan 
of the meat. (See page 298.) 

I shall not give any account of the nnxDernns coiier fatic& 
which have been isolated fit>m bacterial prodnct^^ anoe fmne 
of these (such as mydalein. typbotoxin, mydaioxzm cmdniin. 
Ac, ) have not been obtained in a pure state, or if liipr bare, 
in such small amounts that their chemical ptropenaes and 

• Brieger, 7^, c%i.. pp. 3C*-». 51, M. r^". 61. 

'Briepw- *rnt. ub. Ptomiine," Driwer ThtH, Berlm. liWf. -p. M,. m a^. 
Compare HofEt. SiJTmiifff}*^. d. phyr. mrJ. Gt:^ m Wtirshw^. jtp iftl ■^t^ lit 
1889. 

» Ra.TiTnji.T^n asd GtrgoiM^ Pflnper'* Arck,. vol. xii. p. XfS* : iRTft. 
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physiological effects could not be properly tested. On the 
other himd others, such as methylamin, dimethylamin, trime- 
thylamin, tetramethylendiamin (putrescin), pentamethylendia- 
min (cadaverin)y &c., have been found to be quite innocuous. 
The investigation of the last-mentioned products forms a 
valuable contribution to the material for a fiiture physiology of 
bacterial metabolism.^ But so &r it has added nothing to 
our knowledge of the etiology and symptoms of infectious 
diseases. 

In the case of the poisonous bases, there is not always 
sufiScient evidence that die poison is due to the bases them- 
selves and not merely to the impurities in them. Kesearches 
up to the present seem to show that the more carefully the 
bases are purified, the less action do they have on the animal 
body. It is greatly to be desired that in future all investiga- 
tion on the metabolic products of microorganisms should be 
confined to '' pure cultures/' both with the object of obtaining 
an insight into bacterial changes as well as for the purpose of 
increasing our knowledge of the etiology of infectious diseases. 
In this way it could always be definitely ascertained by which 
species of bacteria the material under examination was formed. 
Another point of great importance is that the chemical compo- 
sition of the nutrient medium before the introduction* of the 
bacteria should be accurately determined. A b^inning to in- 
vestigations of so exact but laborious a nature has already been 
made by Briber,* Roux and Yersin,* Loffler,* Kitasato and 
Weyl/ Tizzoni and Cattani/ Nencki and his pupils, besides 
others. 

If we now proceed to inquire whether the symptoms of 
infectious diseases may really be explained from the known 
toxic effects of the bases which have been isolated from the 
bacterial products, we must acknowledge at once that it is 
impossible to expect any absolute agreement. We may in- 

^ To this group belongs also the compound isomeric with collidin, which 
Nencki prepared fh>m putrid gelatin, and which was the first of the organic bases 
isolated from bacterial products. Nencki, " Ueb. die Zersetzung der Gelatine und 
des Eiweisses b. d. Faulniss mit Pankreas/' Festschrift, Bern. p. 17 : 1876. See 
also S. Adeodato Garcia, 2kit9ehr, /. phytiolog, Chetn,, toI. xyii., pp. 543-696 : 
1893. 

* Brieger, " Weitere Unt. ub. Ptomaine," Berlin, 1885, p. 67, et §eq,, and 
" Unt ub. Ptomaine," Dritter Theil, p. 84, et teq.: 1886. 

* E. Roux et A. Yersin, Annales de VInHitut Patteur, Ann^ ii., p. 642 : 
1888. 

« F. Loffler, Deuiteh, med, Woehentchr., Jahrgang 16, p. 109 : 1890. 
B S. Kitasato u. Th. Weyl, Zeitsehr, /. ffyffiene, yol. yiii. p. 404 : 1890, and 
Kitasato, idem, vol. x. p. 267 : 1891. 

* Tizzoni u. Cattani, Arch, /. exper. Path, u, Pharm,^ vol. xxvii. p. 432 : 
1890. 
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deed anticipate the direction in which the main diderencd 
wiJl lie. 

In the first place, the artificial production of the disease by 
the injection of a substance already prepared from the patho- 
genic microorganisms, does away with the first characteristic 
of all zymotic disease — that of incubation. If the infection is 
caused by the entrance of a small number of bacteria, a certain 
time must naturally elapse before these can increase and enter 
the circulation and the chief oi^ans, to the disturbance of wbo»e 
functions the salient symptoms of the disease are due. Whereas 
with the injectioD of a poison — especially of such a poison as 
the bases of a soluble salt — the disturbances must commence 
at once, and the whole series of symptoms must run a more 
rapid course. Further, we must not forget that the injected 
poison does not necessarily reach all the organs, tissues, and 
oells which the bacteria do, and that on the other hand, tlie 
bacteria may not enter all the parts where the poL«oo may 
penetrate by diSiiaion. Finally, we must take into considera- 
tion that there is probably more than one poisonous product 
from each species of pathogenic microbes, and that the various 
symptoms of any given zymotic disease may be caused by dif- 
ferent poisons, or by a combination of two or more poisons 
The artificial injection of a chemical individual might not pro- 
duce these identical symptoms. 

But even when we have made every allowance for possible 
diScrcnces, it remains improbable that the alkaloids of puti?- 
fkotion which have up to the present time beoi examined, are 
responsible for the symptoms of the various infectioufi diseases, 
for the reason that they are not nearly poisonous enoa^. We 
must remember that the body possesses in a marked d^ree the 
faculty of getting rid of injurious substances of all kinds as ther 
are formed. In seeking an explanation for the ^rmptoms of 
nymotic disease we may therefore restrict ourselves to the poisotu 
of great virulence. 

The toxic action of the alkaloids of putre&cdoo, of the 
so-called ptomains and toxins, has been much exaggenled, 
because small animals, and especially mice, were osed for tfae 
experiments. Now we must not forget that the bodrweigbt 
of a mouse is only about 10-17 g. If for example we take 
tetantn — a base which was first isolated by Brieger froB tbc 
metabolic products of the tetanus bacilli, and om^demd to be 
the specific tetanus poison — we find that 3 eg. of tbe ^dio- 
chlorate is necessary' to kill a mouse vrhen eobratnamly 
injected, i. e., 2—3 g. per kilo, bodyweight. Id tbe ewe of ■ 
guinea-pig (about J kilo.) 0.5 g. (therefore 1 g. per kjloi.) had 
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^^ but little effect '^ subcutaneously ; the animal did not succumb.^ 
Whereas, according to Tizzoni and Cattani,^ -A^th drop of the 
tetanus cuture filtrate, t. e.j of the nutrient nuid from which 
the tetanus bacilli had been entirely removed by filtration, was 
sufficient to cause the death of medium-sized rabbits from 
tetanus. Vaillard and Vincent' state that 1 ccm. of the filtered 
culture of the tetanus bacilli in broth contained only 0.025 g. 
organic matter, and that this amount — of which the poison 
formed but a fraction — was enough to kill a thousand guinea- 
pigs, or a hundred thousand mice ! 

Similar observations have also been made with other pure 
cultivations of pathogenic bacteria. The fluids in which the 
bacteria have lived contain poisons of far greater virulence than 
the alkaloids which have been isolated from them. 

Ceaseless endeavors have during the last few years been 
made to investigate these powerful poisons. Here again the 
same difficulties were met with as in the attempt to isolate 
ferments {vide Lecture XI. p. 159). The toxic substances 
cannot be separated from certain proteids. The first author, 
who came to the conclusion that the poison produced by the 
bacteria " clung to the proteids " was Panum.* He says : " It 
almost seems as if, led away by the desire to find a crystallized 
body, the investigator had overlooked the fact that impurities 
with crystallized foreign substances are as much impurities as 
the presence of substances which prevent the crystallization of 
a body.* 

Boux and Yersin * filtered broth cultivations of diphtheria 
bacilli through clay cells : the filtrate was still effective, 2 cm. 
killing a rabbit when injected subcutaneously. But it proved 
inoperative afler being heated for ten minutes to 100° C: 35 
ccm. could be injected directly into the vein of a rabbit with- 
out any injurious consequences. These authors therefore imag- 
ine that the active constituent might be of a nature similar 
to that of the hydrolytic ferments. In common with the fer- 
ments, it likewise possessed the property of being carried 

» 8. Kitaaato u. Th. Weyl. Zeit$chr. /. Hygiene, vol. viii. p. 407 : 1890. 

« Tizzoni u. Cattani, Arch, /. exper. Path. u. Pharm,, vol. xxvii. p. 437 : 1890. 
Compare also S. Kitasato, SkiUchr. /. Hygiene, vol. x. p. 267 : 1891. 

' Vaillard et Vincent, Annale* de VInstitvZ PasteuVy Ann. V. p. 15: 1891. 

«Panum, " Bibliothek for Laeger," vol. viii. pp. 253-285: 1856. Samma- 
rised in Schmidt's Jahrb., pp. 213-217 : 1859 ; and Virch(nD*8 Arch,, vol. Ix. p. 
334: 1874. 

» Virehaw*8 Arch., vol. Ix. p. 332 : 1874. 

• E. Roox et A. Yersin, Ann, de VInstitut Pasteur , Ann^ II. p. 642: 1888; 
and Ann^ III. p. 273: 1889. Compare S. Dzierzgowski et L. de Rekowski, 
Arch, d. Sciences Biolog., publ. par Plnstitut imperial de MM. exp. & St. Peters- 
bonrg, vol. i. p. 167 : 1892. 
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down by Deutral precipitates such as phosphate of lime. Sub- 
cutaneous injection of 0.02 g. of such a moist precipitate, con- 
taining less than 0.0002 g. of organic substance^ killed a 
guinea-pig in the space of four days. The poison, althoogh 
capable of being dialyzed, has no effect when taken into ^e 
stomach. 

L5ffler ^ was able to obtain the active toxic principle from 
meat-broth in which a pure culture of diphtheria bacilli had 
been made, by the same method usually employed for isolating 
ferments : i. €., extraction with glycerin and precipitation witi 
alcohol. The poison thus obtained, when injected subcutane- 
ously into guinea-pigs, occasioned the same local symptoms as 
did the inoculation with the bacilli themselves. 

L. Briber and C. Frankel * made similar experiments with 
cultures of diphtheria, typhus, tetanus, and cholera bacteria, 
with staphylococcus aureus, with watery extracts from the 
organs of animals which had died of anthrax. They invari- 
ably found that the toxic properties were associated with 
certain proteid precipitates, which were thrown down on the 
addition of alcohol or of a concentrated solution of ammonium 
sulphate. If heated above 60° C. the substances were ren- 
dered innocuous, although they withstood evaporation to dryness 
at 50°. 

Wassermann and Proskauer^ repeated these experiments of 
Briber and Frankel, and prepared proteid precipitates from the 
filtrates from pure cultivations of diphtheria bacilli. About 10 
mg. of such a precipitate injected under the skin killed a rabbit 
in about 3 to 4 days. 

Tizzoui and Cattani * precipitated a proteid with sulphate of 
ammonia from the filtrate of pure cultivations of tetanus 
bacilli. 4 mg. of this proteid precipitate injected subcuta- 
neously killed a rabbit weighing 2 kg. with " all the signs of 
tetanus." 

From filtered cultures of the same bacillus, Vaillard and 
Vincent* also obtained a proteid, which was either thrown 
down from watery solutions by alcohol, or was carried down by 
neutral precipitates such as phosphate of lime. This proteid, 
however was less poisonous than the filtrate of the pure 

' Ii<)rtler, DeuUch.med. Wochenschr., Jahrg. 16, p. 109: 1890. 

^ L. liricger and C. Friinkel, Berlin, klin. Wochenschr, ^ Jahrg. 27, pp. 241 
and LMW : IKIH). 

' A. Wassermann and B. Proskauer, Deiitsch. mtd. Wochenschr,^ Jahrg. 17, 
p. 58'): IHIM. 

* Tizzoni and Cattani, Arch.f. exper, PcUh, u. Pharm., vol. xxvii. p. 447 : 1890. 

"^ L. Vaillard and H. Vincent, Ann, d. Vlnstitut Pasteur, Ann6e V. pp. 15, 
19-20: 18JM. 
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cultures from which it was prepared. Of the latter an amount 
containing only 0.000025 g. of organic substance sufficed to kill 
a guinea-pig, whereas it took 0.00015 g., or six times more of 
the proteid precipitate, to produce the same effect.^ In the 
various procedures adopted for isolating the toxin therefore it 
has become partially destroyed. Kitasato was likewise unsuc- 
cessful in obtaining a precipitate which was more poisonous 
than the filtered cultures from which he started. Here again 
we have an analogy with the hydrolytic ferments. Fresh gas- 
tric and pancreatic juices or freshly prepared extracts from the 
gastric mucous membrane or pancreas are always more active 
than the ferments isolated from them. The poisonous products 
of bacteria are therefore, like the hydrolytic ferments, ex- 
tremely labile compounds. The same observation was made 
by Wassermann and Proskauer.' 

Among the products excreted by the tubercle bacillus there 
is likewise a substance which is precipitated by alcohol or by a 
concentrated solution of anmionium sulphate and dissolves again 
in water. On addition of acetic acid and sodium chlorid to the 
watery solution, a precipitate is thrown down which disappears 
on heating. The substance is diffusible ; it is soluble in gly- 
cerin, and may be precipitated from this solution by alcohol. 
The toxic effect is connected with this substance which, to judge 
from its reactions, belongs to the precursors of proteid, the so- 
called albumoses. The subcutcmeous injection of a small 
amount (about 1 mg.) into a healthy person caused a rise of 
temperature to 39.1^ C. ; in a woman suffering from lupus, an 
amount five times less produced a rise to 40.4^ C.^ 

From a pure cultivation of streptococcus pyogenes, N. 
Sieber^ obtained an albumose precipitate, of which 0.013 g. 
injected under the skin of a rabbit caused the temperature to 
run up to 39.2-40.6®. 

From all these facts it is evident that the most virulent 
products of bacterial metabolism are either proteids or sub- 
stances which have solubilities similar to those of the proteids, 
and hence are precipitated with them. Most authors who have 
worked on this subject adopt the former view, and therefore 
call these poisonous substances toxalbumins. 

^ S. Kitasato, ZeiUehr, /. Hygieru, vol. x. p. 296 : 1891. 

*Loc, eit, 

*R. Koch, DeuUeh. med, Woehefuchr,, No. 3, and No. 43: 1891. Martin 
Hahn (Nencki's Laboratory), Berl, klin, Wochen$chr., No. 30: 1891. The 
earlier work on tubercle toxin is here quoted. Comiiare M. C. Helman, Areh. 
d. seienees biol,y publ. par Plnstitut imp. de M6d. exp. ft St. Petersbourg, toI. i. 
p. 139: 1892. O. Biywid, idem, p. 213, and W. Kuhne, Zeitsehr,/, Biol,, vol. 
xzix. p. 24 : 1892, and toI. xxx. p. 221 : 1893. 

* N. Sieber, Arch, d, sciences biol,, vol. i. p. 285 : 1892. 



416 LECTURE XXVII 

The toxalbumiDs are not exclusively confined to bacterial 
products, but have been also found to exist in the animal and 
vc^table kingdoms. Thus all recent workers^ on the poisonoos 
secretion of snakes have come to the conclusion that die active 
toxic principles belong to the group of proteids. The poison 
contained in the blood-serum of the muranids is shown by 
Mosso ' to be of the same nature as snake-poison. This author 
considers that this substance is probably a proteid, an opinion 
likewise held by Kobert concerning the poison of spiders.' The 
large spider, Lathrodectea tredecimgiUtattui, which occurs in the 
south of Russia, contains poison in all parts of its body, even in 
its legs and undeveloped eggs. If this poison be introduced 
directly into the blood, its effect is more potent than strychnin 
or hydrocyanic acid, although it has no action in the stomach, 
and is destroyed on boiling. 

The toxalbumins again are distributed over the vegetable 
kingdom. To this class apparently belong the intensely poi- 
sonous constituents of the jequirity seed* {Abrtis preccUorius), 
and that of Ricinus communis^ as well as the poison of a 
fungus, the Amanita phcUloides,* all of which resemble the 
toxalbumins in their chemical and physical behavior. If 
injected intravenously, 0.5 mg. per kilo, bodyweight is sof- 
ficent to cause death in the case of the poisonous principle of 
the Amanita phalloides, and 0.01-0.02 in the case of that of the 
jecjuirity seed.^ 

As the toxalbumins and the hydrolytic ferments, the so- 
called enzj'^mes, present the same conditions of solubility, 
besides possessing many other chemical qualities in conmion, 

* R. Norris Wolfenden, Jaum. of Phytiol.^ vol. vii. pp. 327 and 357: 1886. 
8. Weir Mitchell and Edward Reichert, "Researches upon the Venoms of 
Poi»oiioii8 Serpents." Smithsonian Contributions to Knowledge, 647, p. 186: 
Washinj^on, 1886. Brieger and Frankel, Berl. klin, Wocheruchr,^ Jahrg. 27, 
p. 271 : 181K). 

'' A. Mosso, Acad, dei Lincei^ vol. iv. p. 665 : 1885 ; and Arch, /. exper. Folk. 
u. Pharm.y vol. xxv. p. Ill : 1889. U. Mosso, Rendieonti della r, Acad, dei 
linen, p. 8<M: 1«8<>. 

"» K()l>ert, Sitzuuffsher. d. Naturforscher-GeselUch. zu Darpat, vol. viii. pp. 
362 and 44(>: 1889. 

* Sidney Martin and R. Norris Wolfenden, Proc. Roy. Soc,^ London, vol. 
xlvi. pp. 94 and 100: 1889. Sophie Glinka, " Beitr. z. Kenntniss d. giftigen 
Princips d. Jequiritysamen," Diss., Bern. : 1891. The earlier literature is here 
quoted. Nencki, Schwcizer WochmMhr. f. Pharmacies No. 29 : 1891. Reprint, 
p. 5, Ileinr. Hellin, "Der giflige Eisweisskorper Abrin.," Diss., Dorpat: 1891. 
P. Ehrlich, DeuUch. mcd, Wochenschr., No. 44: 1891. 

» H. Stillmnrk, *' Ueber Ricin," Diss., Dorpat : 1888. P. Ehrlich, DeuUch. 
med. Wochenschr., No. 32: 1891. 

* Kobert, Sitzungsber. d. Nat. Gcs. zu Dorpat, vol. ix. p. 541 et seq, : 1891. 
This author gives a summary of our present knowledge concerning the yarioas 
poisons in the different fungi. 

^ Kol)ert, idem, vol. ix. pp. 116 and 553 : 1891. 
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it was fair to assume that they also shared the same poisonous 
properties. Roussy ^ found that intravenous injection of in- 
vertin in dogs gave rise to fever, less than ^ mg. to 1 kilo, body- 
weight being sufficient to cause a rise of temperature to 42° C. 
H. Hildebrandt^ showed that the subcutaneous injection of 
larger quantities (0.1 g.) of pepsin, invertin, diastase, was &tal 
to medium-sized rabbits, the animals succumbing in 2 to 4 
days. After doses of between 0.05 and 0.1 g. the animals did 
not die until aft«r the lapse of one or more weeks. With 
emulsin and myrosin a dose of 0.05 g. was always fatal in 2 
to 4 days. In dogs relatively larger amounts of pepsin and 
invertin (0.1 to 0.2 g. per kilo.) were required to cause death. 
In all the experiments there was a rise of temperature amount- 
ing on the average to 2° C. 

We might now ask : If the hydrolytic ferments have a 
toxic action, might not the toxalbumins have an hydrolytic 
action, and perhaps by this very means develop their poisonous 
properties in the tissues? This does not however appear to 
be the case. Direct experiment has shown that the diphtheria 
and tetanus toxins do not act hydrolytically.* 

It has frequently been stated that certain products of 
artificial proteid digestion, certain peptones and their pre- 
cursors, the so-called albumoses, have a poisonous action.* 
This action is only produced on direct introduction of these 
substances into the blood, probably for the reason that in the 
passage through the intestinal wall the peptones are recon- 
verted into proteids. But even in the former case the toxic 
effects — narcosis and lowering of the blood-pressure — are only 
brought about by very large doses — 0.3 g. per kilo, body- 
weight. The poison is therefore not of a violent nature. It 
is possible that both with these digestive products of the 
proteids as well as with the enzymes, the toxic effect is to be 
ascribed to an admixture of toxalbumins arising from bac- 
terial metabolism. It is highly desirable that the experiments 
should be repeated with absolutely sterilized material under 
strict antiseptic precautions. 

In the forgoing remarks we have enumerated the various 

* RouBsy, Oaz. des H6p., No. 19 and No. 31 : 1891. Compare the appreciation 
of this work presented to the Acad, by Schiitzenberger, Gautier, and Hayem : 
Bull, d. VAcad, de Mid., S^rie 3, vol. xxii. p. 468 : 1889. 

* H. Hildebrandt, Virchow^s Arch,, vol. cxxi. p. 1 : 1890. 

' L. Vaillard and H. Vincent, Annales d, VlnatUiU Pasteur, Ann. 5, p. 20 : 

1891. 

* Schmidt-Miilheim, Du Bois* Arch., pp. 50-64 : 1880. Fano, idem, p. 277 : 
1881. W. Kuhne and Pollitzer, Verhandl. d. nat.-med. VereiuM zu Heidelberg, 
N. F., vol. iii. p. 292 : 1886. R. Neumeister, Zeittchr. f. Biol., N. F., vol. vi. p. 
2S4 : 1888. 

27 
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properties which the toxalbumins and the enzymes have in 
common. There are however differences not only betwe^i 
the toxalbumins and the enzymes but among the toxalbomins 
themselves. A few of the latter are, like the globulins, 
insoluble in water, as for instance the poisonous proteid 
precipitates obtained from cultures of typhus bacilli and 
staphylococcus pyogenes aureus. Most of the toxalbumins 
however are, like the ferments, soluble in water, but not 
dialyzable. An exception to this is formed by the poison of 
the rattlesnake,^ as well as of the tubercle bacillus, both of 
which are dialyzable. Tetanus and diphtheria poisons dialyze 
slowly. 

A temperature of over 50° C. causes many of the solu- 
tions of toxalbumin to lose their virulence; but there are 
some which will stand heating to 60° and higher, or 
even for a short time to 100° C, as for instance the 
poison of the Indian cobra and the toxalbumin of the tuber- 
cle bacillus. We may assume perhaps that the toxalbumins 
which are rendered innocuous by boiling belong to the pro- 
teids properly so-called, whereas those which are not affected 
by this temperature may be referred to the peptons.* If this 
assumption be correct, we should expect to find that the tox- 
albumins which are not affected by boiling are dialyzable. 
This is the case with tubercle. When in a dry condition the 
toxalbumins, like the ferments, can be raised to a high tem- 
perature (e. g,y certain snake poisons to 115° C.) without losing 
their virulence. 

Absolute alcohol has no effect on some of the toxalbumins, 
€. g.y the snake-poison, but others again it gradually renders 
ineffective. Thus, according to Kitasato, the tetanus poison 
loses its power if it be exposed to the action of 70 per cent, 
ethyl alcohol for one hour or to that of 60 per cent, for twenty- 
four hours. 

Alkalies and acids weaken or destroy the operation of 
many toxalbumins. The poisonous effect of snake-venom is 
diminished by alkalies. Tetanus poison is destroyed by free 
alkalies : a 0.3 per cent, solution of sodium hydrate, or a 3.7 
per cent, solution of sodium carbonate will accomplish this in an 
hour ; a 1 per cent, solution of ammonia must be allowed twenty- 
four hours. Again, a solution of 0.365 per cent, hydrochloric 
acid will take twenty-four hours, and one of 0.55 per cent, one 
hour to destroy the tetanus poison. The toxin of muranids is 

1 W. Heidenschild, " Unt ub. d. Wirkung d. Giftei d. BriUen- u. KUpper- 
schlange," Diss., Dorpat : 1886. 

» S. Weir Mitchell and E. T. Beichert, loc, cU. 
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deprived of its activity by the action of acetic or hydrochloric 
acid, or by that of gastric juice. If however the poiaonous 
aenim be injected through the abdominal wall into the small 
intestine, death ensues. I mentioned above that the poison of 
spiders as well as the tubercle and tetanus toxins were innocuous 
when introduced into the stomach. 

Before leaving the consideration of the tozalbumins, I 
must mention one observation which may perhaps have a very 
wide bearing. Of late years many conmiunicatlons have been 
made concerning the existence in normal blood of proteids 
which behave towards certain bacteria like toxalbumins. An 
attempt has been made to explain the phenomena of immunity 
in this way, but the data are not yet sufficiently precise to per- 
mit of a connected account.^ 

^ For a sammary of the literature on this subject see B. Stem, ZeiUchr. /. 
klin, Med.t vol. xyiii. p. 46 : 1891. Compare also the Address given at the llUi 
Congress for Clinical Medicine at Leipzig by H. Buchner, and printed in the 
Berl, klin. Woehenschr,, No. 19 : 1892 : and H. Buchner, Areh.f, Hygiene, vol. 
xvii. pp. 112, 138: 1893; G. Tizzoni u. J. Cattani, Berl. klin. Woehengchr,, 
Nos. 49-52: 1893; and Nos. 3: 1894; M. Hahn, "Ueb. d. Beziehungen d. 
Leukocyten z. bactericiden Wirkung d. Blutes/' Pro venia legendi, Munchen : 
1S96. 
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Aufoer all forms of infection lead to the complex of synip-~ 
toms which we term fever. Of these ^mptoms the rise of 
temperature is, as M-e know, the most readily measured and has 
ttierefore been the subject of the most thorough investigation. 
Teleo logically this rise of temperature may be explained on the 
assumption that by its means the pathogenic microoi^nisms 
are killed, or at least arrested in their development, and daeir 
pathogenic properties weakened. 

Thus Heydenreich ' observed that the spirilla of recurrent 
fever lost their mobility much more readily at 40° C. than at 
70° C. According to R. Koch - the most favorable tempera- 
ture for the tubercle bacillus lies between 37° and 38° C. WlieE 
kept at 42° C. for three weeks, its further development is 
impeded. For the gonococcus-Neisser the optimum tempera- 
ture is between 33° and 37 C* A temperature of 39° C. kills 
it in twenty-four hourE, and one of 42° in twelve hours.' De 
Simone" found that the multiplication of the streptococcus 
erysipelatosus stopped entirely at 39° to 40° C, and that the 
organism died at 39.5° to 41 ° C. Bard and Aubert * found that 
of the medley of bacteria in the feces, all of them disappeared, 
with the exception of the bacillus coli communis, under the 
prolonged action of fever temperature. According to Friinkel' 
the virulence of the septicemic cocci of the sputum ia entirely 
abolished by growing it for two days at 42° C, or for four to 
five days at 41° C. Pasteur* discovered that anthrax bacilli. 



vol. i 



: 1894. 



* Bumm, " Der Mlcro-orgaaismns d. goaorrboischeu SchieimhaoterkraDkaiii' 
Oonococcas-Keiuer," Wiesbaden : 1SB7. 

* Finger, Verk. d. dtuttch. DervuUolag. Ga., IV. Omgrew, p. 181 : 189*. 
' Fr. da Simone, II Morgagni, So». 8-12 ; 1885. 

'L. Bard and P. Aaberl, Gut. htbdom. d, Mfd. a de CMrura., No. 35 p. 
41B: I8B1. 

'A. Frankel, ZniroAr. /. Hin. Mfd.,vol. i. Hft. 6 and S ; 1886. 

■Pulenr in coUaboratioa with Chum berltim and Roui^, Oimpta rant. toI. 
leU, pp. 413, 662, 666, uid 13TB: 1S81. Compara R. Ktwh, " Zur AetioL d. 
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afl^ being eipoaed for some time to a temperature of 42° to 
43° C, lost their pathogenic character, and that animals when 
inoculated with the bacilli in this condition became immune 
to the actual disease. G, and F. Klemperer' heated broth-cul- 
tures of poeumooocci for two to three days to 41° to 42° C, 
and found that when they were injected into rabbits the latter 
were rendered immune to the infection of pneumococci. 

These result not only explain the significance of fever 
but also indicate how immunity may occur after infectious 
diseases. In this connection we must remember that in fever 
the averse temperatures only are taken, and it is quite possible 
that in certain tissues, and perhaps more especially in those 
parts where the bacteria most abound, the temperature runs 
up to a much higher level. The rise of temperature in fever 
would therefore be one of the processes of self-protection and 
self-r^ulation, of which we have so many examples in the 
body,' This view concerning tlie significance of fever tempera- 
tures is not contradicted by the fact that some of the pathogenic 
organisms are able to withstand considerable rise of temperature. 
For instance the temperature of 42° C. does not kill the typhoid 
bacillus, and only slightly impedes its rate of propagation. 
The typhoid bacilli must be exposed to a temperature of about 
44..5° C. for a considerable time before any appreciable number 
are killed.' 

With r<^rd to the mechanism by which the rise of tem- 
perature is brought about, it was first considered that it was prob- 
ably due to an increased metabolism. Alfred Vogel, * adopting 
Liebig's titration method in 1854, found that the nitrogenous 
excretion was augmented in cases of febrile diseases. This 



HilcbrandcB," Miith. a. d. iaU. Gotmdhtiiiamt., vol. i.: ISSl ; and Arloing, 
" Lei rims," Paris ; 1896. 

> G. and F. Klemperer, Berl. klin WacheruckT., No*. 34 and 35 : 1891. 

• If this interpretation of the Bignifieance of fever be correct, the trentmeiit 
of febrile (liBordem by means of uold baths aud antipyretie remedies would appear 
to be s bad one. For information on Iheee debated queelionR the foUowinK 
articles may be recommended : UoTerricbt, Deutnh, med. Woehtntchr., Jahrg. 
13, pp. 452 and 478: 1887; and Jahrg. 14, pp. 74» and T7X : tSS; Liebermei- 
■ter, idem, vol. liv. pp. I and 28: ISSS; Naunyn, Arch. f. txptr.Path. u.Pharm.. 
Tol.zriii. p. 49; 1S84; Amaido Cantani. " ITeb. Antipyrese." Vortrag. Vtrhandl. 
i. X. intenuU. mtd. Congrtuei. Berlin. Hiriohwald, p. 153: 1891. A critical 
account of tbe literature on the action of the antipyretic remediea is given by 
Gottlieb, Arch. f. ezper. Path. v. Fharm., vol. iivi. p. 419: 1890; vol. izyiil. 
I p. 1S7 : lS9t. Compare alao A. Loewy and P. F. Riehter. DfMeh. mtd. WaeK- 
I muehr.. No. 16, p. 340 : IS95 ; and VinhotB't Arch., vol. cxlv. p. 49 : IS96. 

' Uax Hiiller, "Ueb. d. EinS. v. Fiebertemp. a. d. Wachathumgeschwind- 
Igkelt u. d. Viruleni d. Typhus bacillus." Dira., Brealau: 189S; reprinted fnun 
Utt ZeiUchT. f. Hygiene li. In/ectioTutraakheiten, vol. xx. 

'A. Vogel, Zrittehr.f. ration. Med.. N.F., vol. iv. p. 362 : 1854 : and "Klin- 
iiche Unt. a. d. Typhui," Erlangen : 1860. 
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statement was sabsequentlj confirmed by many observers.^ At 
the same time elimiTiation of the solphmric acid is correqxmd- 
ingly increased, as might have been expected.' 

Liebermeister* and Leyden^ found that the ontpat of 00, 
was also increased in fever. These observations on man were 
confirmed hy experiments on animals carried oat bj different 
observers,* and it was moreover ascertained that an increased 
amount of oxygen was taken in as well as a larger amount of 
carbonic acid eliminated.' 

It is however doubtful whether this heightened metabolism 
is the cause of the rise in temperature. In the first place, we 
know that in a normal person a very considerable increase in 
metabolism may occur (e. g., in strenuous muscular work) with- 
out any rise of temperature, since the body possesses various 
means of compensatmg for the increased heat production by 
increasing ihe heat loss. In the second place, die metabolism 
is not quickened in all fevers. Numerous experiments on man 
and on animals have shown that in some cases of fever the 
intake of oxygen and the output of carbonic acid remains the 
same or is even less than normal.^ 

The rise of temperature must therefore have some other 
cause than merely the increase of metabolism. There is onlj 
one other theory left, t. 6., that there is less heat given off. 
This idea was warmly supported by L. Traube,* who taught that 

^ An account of the comprehensiTe literatare is given by Senator, " Unt. ub. 
d. fieberhaften Process/' Berlin, 1873, p. 94 et »eq,; and hj Naonyn, Arch. /. 
exper,P€Uh,u.Phann,,To\.JiTvui.'p.4B: 1884. ComiMire also L. Bless, Virelunp^t 
Arch., vol. xxii. p. 127 : 1886 ; Hirschfeld, Berl, klin. Wocheruehr., No. 2 : 1891 ; 
G. Klemperer, Deutteh, med, Wochentchr., No. 15 : 1891. 

* Furbringer, Virchow'9 Arch., vol. Ixxiii. p. 39 : 1878. 

* Liebermeister, DeuUch. Arch,/, klin. Med.^ vol. vii. p. 75: 1870; and vol. 
viii. p. 153: 1871 ; "Handbuch d. Patholog. a. Therapie d. Fiebers," Leipzig: 
Vogel, 1875. 

^ Leyden, DeuUeh, Arch, f. klin, Med., vol. v. p. 237: 1869; and vol. vii. 
p. 536: 1870. Centralbl,/, d, Med, Wtstentch,, No. 13: 1870. 

B Siliganoff, Virchaw't Arch,, vol. liii. p. 327 : 1871 ; A. Frankel, Verhandl, 
d, phytiolog, OeselUch, t, Berlin, 4th Feb. 1894 ; E. Leyden and A. Frankel, 
Centralbl. f, d, med, Wisaentch,, p. 706: 1878; Virchaw'9 Arch., vol. Ixxvi. p. 
136: 1879. 

* Colasanti, I^vLger'9 Arch,, vol. xiv. p. 125 : 1876 ; D. Finkler, idem, vol. 
xxix. p. 89 : 1887 ; A. Lilienfeld, idem, vol. xxxii. pp. 293-356 : 1883. 

' Senator, Virchovr't Arch,, vol. xlv. p. 351 : 1869. " Unt. ub. d. fieberhaften 
Process u. seine Behandl.," Berlin, Hirschwald, 1873. Du Bois* Arch., p. 1 : 
1872; Wertheim, DeuUeh, Arch, f, klin, Med,, vol. xv. p. 173: 1875. Wiener 
med. Wochenachr., Nos. 3-7, 1876 ; Nos. 32, 34 and 35, 1878. Fr. Kraos, ZeiUchr. 
f, klin, Med., vol. xviii. p. 160 : 1891. A. Loewy, Virchou^M Arch,, vol. cxxvi. 
p. 218: 1891. 

* L. Traube, Allgem, med. Centralzeitung, July 1, July 8 and Dec. 22, 1863, 
and March 23, 1864. " Qes. Beitrage z. Patholog. u. Physiolog.,'' Berlin, Hirsch- 
wald, vol. ii. pp. 637 and 679 : 1871. A list of the numerous authors who prior 
to Traube have put forward the theory of diminished heat loss in fever, although 
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in fever a constriction of the peripheral blood-vessels occurred 
with diminished flow of blood to the skin^ so that there was 
diminished heat loss, accompanied by congestion in the interior 
of the body. By means of Mosso's plethysmography Maragliano 
showed that in various febrile diseases the cutaneous vessels 
contracted, and moreover that they commenced doing so be- 
fore the rise of temperature was perceptible. As contraction 
continued, the temperature b^an to rise, both reaching the 
maximum at the same time. An expansion of the blood-vessels 
preceded the &11 in temperature, which came down to normal 
while the blood-vessels were still maximally dilated.^ 

The diminished loss of heat, especially in the first stages of 
fever, has, with the help of the calorimeter, been proved by 
many observers from direct experiments on man and animals.* 

Many unsuccessful attempts have been made to decide ex- 
perimentally what part the nervous system takes in the increased 
metabolism and the diminished loss of heat. Numerous ex- 
periments on animals have shown that by mechanical injury or 
electrical stimuktion of certain parts of the brain— e. g., the 
median portion of the corpus striatum, <&c., a lasting rise of 
temperature may be induced, accompanied by increased metab- 
olism. But this is a different process from that involved in 
fever, since there is neither contraction of the blood-vessels nor 
diminished loss of heat.' 

Of the two factors which bring about a rise of temperature 
in fever, t. e., the increased production of heat by more rapid 
metabolism and the diminished loss of heat, the latter is 
certainly the more important, since, as I have already men- 
tioned, a febrile condition may occur in the absence of the first 
&ctor. Some authors indeed have gone so far as to r^ard 
the first factor, increased metabolism, as the consequence and 



perhaps not in so clear and decisive a manner, will be found in Maragliano, 
ZeiUchr, /. klin, Med., vol. xiv. p. 309 : 1888, where a careful notice of the 
literature on the subject is also given. 

' Maragliano, loc, cit, pp. 316-319. 

* Senator, '* Unt ub. d. fieberhaften Process u. seine Behandlunf;.'' Berlin, 
Hirschwald, 1873. Carl Rosenthal, J>u Boit* Arch,, p. 1 : 1888. J. Rosenthal, 
Berlin, klin. WoeKentehr., p. 785 : 1891, and " Intemat. Beitrage z. wissen- 
schaftl. Med.," Festschrit., R. Virchow gewidmet. Berlin, Hirschwald, vol. i. 
p. 413: 1891. 

' Further discussion of these experiments would be beyond the scope of this 
text-book. For further references I will mention : J. Ott, Joum. of Nervous 
and Mental Diseases, 1884, and Therapeutic GazeUe, Sept. 15, 1887 ; The Medical 
News, Dec. 10, 1887 ; Aronsohn and Sachs, Pfiugei^s Arch., vol. xxxvii. p. 232 : 
1885; H. Girard, Arch, de Physiol., S4rie III. vol. viii. p. 281 : 1886 : and S^rie 
IV., vol. i. pp. 312, 463 : 1888 ; Hale White, Joum. Physiol., vol. ii. Nos. 1 and 2 
1890 ; Ugolino Mosso, Arch. f. exper. Path. u. Pharmakol., vol. xxvi. p. 316 : 
1890. 
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not as the cause of the rise in temperatnrey since direct 
experiments on animals and on man have shown that^ if the 
temperature be artificially raised and the loss of heat be at the 
same time prevented by warm baths^ the excretion of urea is 
increased.^ 

It is however very doubtful whether this increase in urea 
observed with an artificial rise of tanperature is a sufficient 
explanation of the large quantity of additional urea eliminated 
in fever. The increase of urea brought about by artificial 
means was always much less than that in fever^ and, in fiict, 
in some experiments it did not occur at all.' Moreover the 
theory that increased metabolism is due to the rise of tem- 
perature is belied by the fact that the increased nitrogenous 
excretion in fever does not run parallel with the heightened 
temperature, but usually reaches its maximum after the crisis.' 
In many cases the rise of temperature is only slight during the 
febrile stage, and yet there is a large increase in the urea 
excretion aft;er the fever has abated. In one case of recurrent 
fever 47.8 g. of urea were excreted on the second day after the 
crisis/ in a case of typhus exanthematicus 160 g. of urea on the 
third and fourth days after the temperature had fietllen.^ Occa- 
sionally in diseases due to infection the proteid disintegation may 
even precede the rise of temperature.* Schimanski ' showed that, 
if pus was injected into fowls, there was frequently no alteration 
in temperature, although a large additional amount of nitrogen 
was excreted. Lilienfeld* found that after pyogenic injec- 
tions an increase in the intake of oxygen and output of carbonic 
acid occurred, even when the rise of temperature was prevented 
by cold baths. 

From these experiments we see that the increase in metab- 
olism is not a consequence of the rise of temperature. On 
the other hand, it is not improbable that the increased metab- 
olism—especially in the later stages of the febrile process — may 

* Bart^jls, Griefswalder med. Beitr., vol. iii. p. 36 : 1865 ; Naunyn, Berl, klin, 

Wochenschr., p. 42 : 1861) ; Du BaU' Arch., p. 159 : .1870 ; Schleich, Arch. 

f. exper. Path. u. Pharm., vol. iv. p. 82 : 1876 ; P. Richter, Virchcv^M 

Arch., vol. cxxiii. p. 118: 1891; R. Topp, Therapeut. MonaUhefU, pp. 1, 55: 

1894. 

2 C. F. A. Koch, Zeitschr. f. Biol., vol. xix. p. 447 : 1883 ; N. P. Simanow- 
sky, ZeiUchr.f. Biol., vol. xxi. p. 1 : 1885. 

5 Anderson, Eilinh. Med. Joum., p. 708 : Feb. 1866. Compare Wood and 
Marshall, Jo arn. of Xerv. and Metit. Diseases, No. 1 : 1891. 

*A. Pribram and J. Robitschek, Prag Vierteljahrsschr., vol. civ. p. 318: 
1S60. 

^ Naunyn, Arch.f. exper. Path. u. Pharm., vol. xviii. p. 83 : 1884. 

fi Sydney Ringer, Lancet, Aug. 6, 1859. 

7 Schimanski, Zeitschr.f. physiol. Chem., vol. iii. p. 396 : 1879. 

» A. Lilienfeld, Pflugcr's Arch., vol. xxxii. p. 293 : 1883. 
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be partly referred to the death of the affected tissues, which must 
be got rid of when they have undergoue disintegratiou. This 
death of individual tissue-elements may be traced by direct 
anatomical obser\'atioD.' 

The red blood-corpuscles are among the elements which are 
deatroye<l in this way, as evidenced by the production of a larger 
amount of urobilin." (Compare pp. 323, 339.) The leuco- 
cytes, on the other band, are usually augmented in most of the 
zymotic diseases, as in the case of many other disturbances, 
which are connected with increased disintegration of the tissues. 
It appears that tbe object of the multiplication of the leucocytes 
ifl to render the waste-products harmless. Direct experiments 
have shown that the number of leucocytes rises on the introduc- 
tion of foreign substances of the most varied nature into tbe 
body.* 

There is probably a comiection between the increased dis- 
integration of prt>teid and the occurrence of organic acids — 
■volatile fatty acids' and lactic acid' — as well a,s the diminution 
of the alkalescence of and the carbonic acid in the blood, and 
the passage of aceton, aceto-acetic acid, oxybutyric acid,* and 
volatile fatty acids' into the urine. (Compare pp. 391, 392.) 
The amount of carbonic acid in tbe arterial blood may sink to 
10,7 vol, per cent.* The increased elimination of ammonia in 
fever (which may rise to as much as 2.7 g, per diem') may be 
connected with the increased formation of these organic acids, 
(Compare pp. 292, 404.) The appearance of acids ui the blood, 
the diminution of the alkalescence and of the carbonic acid have 
been likewise observed as results of the action of inorganic 

' Thew experimenta are deBcri1)eil by LiebermeiBUr, " Haadb. d. Patlinlog. u 
Thenp. d. Fiebers.," chap. iv. p. 437. Leipxig, Vogel : 1875. 

»Q. Hoppe-Seyler, Virchme'i Arch,, vol. oiiir. p. 30: 1891; and toI. 
cixflii. p. iS : IglK!. In the former volume all the previouB work oa tbe iKcur- 
nnce of nrobitia in diaeaoe is collected. 

' An aecoantoFthe complete and comprehenaive literatateon the behariorof 
(be leacocytes ii given in the monogropli of H. Rleder. " Beitr. i. Kenatniw d. 
IieukocTtoK," Leipzig, Vo^l : 1893. Compare also Lecture XV. p. 322. 

• Ton Jakwh, " Klininhe Diapioslik," 2d edition, p. 59 - 1689. 
•Minkowski, Arch./, txper. Path. «. Fharm.. vol. liz. p. 209: 1886. 

■ DeicbmiUler, CeMralbl. /. kNn. Med.. No. 1 : 1883. Sdfert, Verhandl. d- 
Wiirtburger phyi.-mtd. Ga., vol. ivii. p. 93; 1883, Litteo, Zeiliehr. /. klin. 
Med., to). Tii. Snppl. p. 82 : 1884. Penioldt, Dnilteh. Areh. /. ilin. Med.. Tol. 
xiiiT. p. 127 : 1884. T. JakKh, " Ueb. Aoetonuria u. Diocetonurie." Berlin ; 
1885. Kjili, ZeitKhr.f. Biotog.. vol. uiii. p. 336 : 1887. 

' Ton Jaksch, ZeitKhr. f. phyricl. Chem., vol. i. p. 636 : 1S86. 

■Jul. Geppert, ZeiUehr. f. klin. Med., vol. ii. p. 355; 1881. Compare also 
Minkowski, loc. Hi. 

• Hallerrorden, Arch. /. exprr. Path. u. Pharm., vol. »ii. p. 249 : 1880. Thi» 
anthor aim qaolei the earlier work of Duchek and Koppc. Compare nlao 
Bohland. pfiiiger'i Arch., vol. iliii. p. 3D: 1888; and G. Qumlich, ZeiUehr. f. 
phgiiol. Chen., vol. iTii. p, 30; 1892. 
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'T^ foUowin^ vorks ■taj be Mlecte d from tbe Tohiminoni literature: 
Boochsftid. " Lei^vxu war ks anto4nioxicnsiooft," Pkiis: 18S7. F. S«lmi, Accod, 
dL jciAOT a B t§ i ,tr**^ l^^i «Mi Amm. di ekim^ e, di farm., toL viii. p. 3: 1888. 
0«pare al» tbe digeoriuit moltt otf'E. Bonnrdi, J?tr. ciimiea, p. 389 : 1890. 

« Enertr and WuKrsann. ChmriU-AmmaUm, J^hig. 17, p. 834 : 1892. 

•Ribbeft, Demtaek, wttd. ITecAcmjcftr., No. 39, p. 805: 1889. This antbor 
<l«ecw tbe liseratnre on tbia nl^iect. 

•Kcajt^S, JtxJkfmitdieim^ kiimUwcAahj^a Gattia, Noa. 33^38: 1888. 
^mmmMiiwediu Omtr^lii^f. BaeUriot^.u^P^rmMiUnkmnd^^ytiL 1889. 

^ H. Xenmann, Brriiwk. Uim. Woekauekr^ Ko. 6: 1890. 

•J. KariJMki. JPinag. wttd. WoeAtmtekr^ Xoa. 35 and 36: 1890. 
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entirely disappears from the urine in cases of croupous pneu- 
monia.' This symptom is however merely temporary, and 
does not last more dian three days at the most.^ No one has 
yet succeeded in explaining this phenomenon or of determining 
its connection with the other symptoms of fever. 

^ J. F. HeUer, Htlltf'M Areh, /. phytiol, u. patholoff, Chem, u. Mikroskop, 
Tol. iy. p. 523 : 1847; Bedtenbacher, Zeitsehr, d, Ges, d, AenU in Wien,, p. 373 : 
1860; S. Moos, Zeii^ehr. /. ral. Med,, N. F., yoI. yii. p. 291 : 1855; £. Unnih, 
Vireh4>w^9 Areh,, toI. zlTiii. p. 227 : 1869 ; Rohmann, Zeitsehr. /. klin. Med,, vol. 
i. p. 513: 1880; B. Klees ("Over ehloonrermindering in de urine," Ac., Din., 
Amsterdam : 18iB5) attempts to show that the diminished excretion of chlorin in 
aente d iseases is conneoted with a disturbance in the renal function (albu- 
minuria). 

* C. Q. Lehmann, Lehr, d. phyiiol. Chem,, vol. ii. p. 392, Leipsig: 1850. 



LECTURE XXIX 

THE DUCTLESS GLANDS: THE SUPRABENAL CAPSULES, THE 
THYROID QLAKD, THE PITUITABY BODY 

There are three organs in our body which have the epithe- 
lial structure of glands, but are without ducts : the suprarenal 
capsules, the thyroid gland, and the pituitary body. K we 
would attribute to these organs functions similar to those of 
the glands, we must assume that they obtain from the blood 
certain substances which undergo alteration in their epithelial 
cells, the products of conversion being again returned to the 
blood. These changes must be of the greatest importance m 
the vital process, since extirpation of the suprar^ial capsules 
as well as of the thyroid gland is followed by the death of the 
animal upon which the experiment is made. 

In consequence of the well-known discovery, published 
in 1855 by Addison,^ concerning the relation of bronziiig 
of the skin to disease of the suprarenal capsulbs, Biown- 
S^uard ^ investigated the results of the extirpation of these 
organs in animals. He showed that such animals as rabbits, 
guinea-pigs, cats, dogs and mice never survived the excision of 
both suprarenals for more than two days at the meet. After 
the removal of only one suprarenal they lived for a loiter dme, 
and Brown-S^uard considered that they might pceably be 
kept permanently alive. This author endeavored by nimier- 
ous ex[)eriments to prove that death after excLskm i^ b^di 
suprarenal capsules was not brought about by the operative 
interference — the animals survived extirpation of the kidneys 
longer than they did that of the organs under dismsskiD — oar 
by the injur}' done to the numberless nerve-fib«^ which run 
fn^m the suprarenals to the plexus semilunaris, hci to d)e 
abolition of the suprarenal functions. He showed thai if the 
blood of an auimal, which was dying in ccmseqneDoe erf the 
removal of its suprarenal capsules, were injected inv* a 



^Thos. Addison. *'On the const itational and local eA«e*s «if 
supmr^nal capsules " : London. iSno. 

' E. Brown-^^^uard. Compir* rrnduSj toI. xliii. pp. 4^ aa^d MI : iSf 
▼ol. xir. p. 1036 : lS5r. 
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of another animal id whom only one of these organs had been 
cut out, the death of the seoond animal was hastened. Again, 
if tlie blwxl of a normal animal were injected into a vein of an 
animal, which was dying from the effects of excision of both 
supmrenals, the life of the latter was prolonged. 

Browo-S^quard is therefore the founder of the modem 
doctrine concerning the functions of the ductless glands, j. e., 
that these glands convert injurious into harmless substances 
and produce the substances which are necessary for the normal 
functiouing of other organs. This work of the ductless glands 
is termed " internal secretion." We may however here remark 
that, besides the preparation of the secretions which are dis- 
charged by the ducts, the gknds properly so called may also 
be forming an important internal secretion, as already proven 
in the cases of the pancreas (p, 400) and liver (p. 334). 

These operations of Brown -S6*|uard have been more recently 
repeated with aseptic precautions, and the r^ulta confirmed.' 
The animals experimented upon never survived extirpation of 
both suprarenals for more than a few days. A different result 
was however obtained by J. Pal,' who succeeded in keeping a 
dog alive for 4i months after excision of both suprarenals. 
Pal controlled liis experiments by an autopsy, thus removing 
the obvious objection that the excision might have been incom- 
plete. We must also take note of the statement that rata are 
not affected by excision of the suprarenals.* In one of the 
latest researches on the subject by Szymonowicz' however this 
author declares his conviction that dogs never survive the ex- 
tirpation of both capsules for more than fifteen hours at the 
most, and that tlie statements of previous experimenters to the 
contrary were either due to incomplete excision or to the fact 
that accessory suprarenals were left behind. 

Investigation of the functions of the suprarenal capsules is 
rendered peculiarly difficult owing to the fact that this organ is 
rich in sympathetic ganglion cells, from which numerous fibers 
pass to other parts of the sympathetic nervous system. For 
this reason operations on the suprarenals cause indirect disturb- 
ances of the most varied nature." 

' F. nntl 8. Mftrino-ZacEO, AUi ddla R. Atcad. dei Untei, S. V.. vol. i. p. 
\Vi: I8{14; Riforma mcd., vol. i. p. 7DQ: 1804; E. Abplous and P. I^ngloia, 
Compu* rend. Soc. Mof., tdI. xliv. pp. 165, 388,410,490,864: 1892. L. Si;- 
moDOvici, P/liiger't Areh., Tol. Ixlr. p. 97 : 1896. 

' J. Pal, Wien. tlin. WoehenKhr.. p. 3»9 : ISEM. 

*E. Boinet, Comp. rend. Soc. biot., vol. ilvii. pp. 273, 326, 498: 18P6. 

' L. SEymonowiu*, PfiugeT'i Arch., toI. Iiiv. p. 97; 1896. 

' G. TiMODi, Areh. ital. de Biulog.. vol. vii. p. 373 ; 1888. G. Jacoby, Artk. 
f. exper. Path. u. Pharm., vot. ziii. p. 171 : 1S91. N. de Domioicia, Areh. de 
Phytiol., Tol. xiTi. p. 810: 18S5. J. Pal, loe. eit. 
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A voluminous literature has of reorat years appeared on the 
specific constituents of the capsules, on the poisons which are 
stored up in them/ on the substances, which the snprarenals 
pass on to the blood and which are supposed to have an influ- 
ence on the innervation of the blood-vessels, heart, and re^im- 
tory organs,' on the chromogens in the capsules, which are con- 
sidered to be related to the dark pigment that is deposited in 
the skin in Addison's disease,* etc. But for the present it is 
not possible to give a short connected account of the indefinite 
and contradictory statements. 

An interesting observation has been made on animals, fixHn 
whom only one capsule had been removed, viz., that black 
patches appeared on the skin,^ corresponding to the dark pig- 
mentation in patients suffering from Addison's disease. 

The discovery that the thyboid oulnd was, like the 
suprarenals, indispensable to the animal economy, was again 
made in the domains of pathology. The earlier experiments 
and speculations of the physiologists concerning the significance 
of the thyroid gland had not borne any firuit. 

In 1873 Sir William Gull* showed at the Clinical Society 
in London five cases of a disease to which he was the first to call 
attention, and which he termed ''a cretinoid state supervening 
in adult life in women.'' In 1878 William M. Ord* described 
five other cases of the same malady. An invariable symptom 
is present in the thickening and swelling of the skin, which 
occurs usually in the face but sometimes extends also to the 
extremities and other portions of the body, as well as to the 
mucous membranes of the internal organs. This thickening 
cannot be r^arded as edema ; if the swollen skin be cut, no 
serum flows out. It is due to an active new formation of a 
connective tissue rich in mucin. On account of the invariable 
occurrence of this symptom Ord called the disease " myxedema.". 
Other trophic disturbances were likewise present: dryness of 
the skin in consequence of insufficient secretion of sweat and 
sebum^ baldness, atrophy of the nails and teeth, etc. By 

* P. For e P. Pellacani, Arch. p. I. tcienze med.^ vol. vii. p. 113 : 1883. S. 
Frankel, Wien, med. BlaUer, Nos. 14, 15 and 16: 1896. 

3 G. Oliver and E. A. Schafer, Ptoe, Physiol, Soc., March 10, 1894, and March 
16, 1895, L. Szymonowicz, loc. cit. 

' Vulpian, CompUs rend.y vol. xliii. p. 663 : 1856. M'Munn, Joum, Phfftiol.^ 
vol. V. p. 24: 1885. Krukenberg, Virchotij'a Arch., vol. ci. p. 542: 1885. S. 
Frankel, Wien. med. BldUer, Nos. 14, 16. 16 : 1896. Wien. klin. WochenKhr., 
p. 212 : 1896. G. Caussade, Comptes rend. Soe. hiol., p. 67 : 1896. O. ▼. Furth, 
Zeitechr.f. physiol. Chem., vol. xxiv. p. 1 : 1897. 

* F. and S. Marino-Zuceo, loc. cit. 

» Wm. Gull, Trans, din. Soc, Lond. : 1874. 

6 William M. Ord, "On Myxedema,'' Medico-chirurg. TVarw., 2d ser., vol. 
xliii. p. 57 : 1878. 
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degrees physical and mental feebleness supervenes^ which in 
many respects resembles cretinism. 

Ord had already observed a shrinking of the thyroid gland 
and the destruction of its follicle through the swelling connective 
tissue/ but he looked upon it merely as a consequence of the 
general myxomatous new-formation in the connective tissue. 
He did not yet recognize that the d^eneration of the thyroid 
gland was die primary factor in the disease. Ord called 
attention to the analogy between myxedema and cretinism, 
and emphasized the fact that the latter condition is frequently 
associated with the colloid d^eneration of the thyroid gland 
known as goiter.' But he did not r^ard the change in the 
gland as being the cause of cretinism. The connection between 
the d^eneration of the thyroid gland and the symptoms of 
myxedema and cretinism was first recognized by the Swiss 
surgeons Reverdin and Kocher. 

On 13th September 1882 J. L. Reverdin' described before 
the Medical Society of Geneva the effects of fourteen complete 
extirpations of goiters, and in April 1 883 the two Genevese 
surgeons J. L. Reverdin and A. Reverdin published in detail the 
results of removing goiters in twenty-two cases.* Of these four- 
teen were complete, i. e., excision of the whole diseased and of the 
remaining sound tissue of the thyroid gland. As a consequence 
of complete removal, they observed symptoms which bore a 
striking resemblance to those of myxedema and of cretinism, 
t. e., swelling of the skin of the face and extremities, diminished 
perspiration, slowness and heaviness in the movements as well 
as in the psychical functions,^ besides anemia, a readiness to 
&tigue, a sensation of cold, and occasionally tetany. 

The extirpation of the thyroid gland thus led to a series of 
symptoms which resembled myxedema, in which disease the 
thyroid gland undergoes d^eneration.* We may therefore 
conclude that it is the absence of the function of the thyroid 
gland which causes the symptoms in both cases, viz. — ^the ex- 
tirpation and d^eneration of the gland. 

At the same time as Reverdin,^ Kocher was likewise 

< Ord, loe. cU., pp. 60, 67, 72, 73. B. Hadden, Brain, p. 193 : 1883, and Hun 
and Prndden, The American Joum, of the Med. Sdeneee, yoI. xcvi.: 1888. 

' Ord, loc, cit. p. 73. He here quotes the earlier authors who discuss the 
question as to the connection between cretinism and goiter. 

* J. L. Reverdin, Bevue mid. d. I. Suisse ramande, 2 *«»«Ann., p. 639.: 1882. 
^ Revue mid. d. I. Suisse romande, 3*"»« Ann., pp. 169, 233, and 309 : 1883. 

* Reverdin, loc. cit., pp. 352 and 355. 

* Idem, loc. cU., p. 356. 

^ In his first communication {Revue mid. d. I. Suisse romande, p. 540 : 1882) 
Reverdin mentions a previous communication of Kocher's on the consequences 
of total excision of goiter. 
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engiped mx Bene in performing the flmie opendoB of 
^umfileu- q L ti r p a li oD ; and in April 1883 he oommnnicated ifce 
resultf of iuE abundant experieooe at tbe OongieBB of Ifce 
fjienuin Saipcal Societj.^ These sjrmptooiB niuch ootamd i 
afver u«tal exciaoo were in all respects identical with those 
deMTibed bj Beverdin. If however a minute poitioD of the 
^land were kA, ao that a emaU fresh growth of thyroid took 
plaoe.' these enrmpiomfi did not occur. To the latter, Kocher 
give& the name of caApxia stromipriva,* and he deacribeB them 
a£ followf*: 

Soon after their dismisaal from the hospital, or in a few 
ea^e^y not ontil four or five months afterwards, the patients 
begin to complain of laasitode, weakness, and weight in Ae 
Iiint>«. This is soon followed by a sensation of cold. In the 
winter time the hands and feet become cold, swoUoi, of a 
purple color, and chilbUins oisue. The mental condition is im- 
paired ; thought and i^>eech become slower. All movements get 
slower and more languid. At the same time swellings appear 
on the face, hands, and feet ; in a few cases these are at first 
temporary, and subsequently they become permanoit. The 
tliickness of the &ce and the heaviness of the movements give 
the appearance of idiocy. The whole skin seems swollen and 
can oDly be raised from the body in large folds. Its surfiu^e is 
dry, with scurf on the ears and cheeks, and the hair fiedls out 
In advanced cases, anemia is present to a marked d^ree. The 
number of red blood-coq)uscles was usually under 4 millions per 
cb. mm., in four cases it sank to lower than 2.8 millions, and in 
one ease even to 2.2 millions. The white blood-corpuscles were 
relatively somewhat increased. The anemia developed graduallj, 
and grew pn)gres8ively worse as time elapsed after the operation. 
If at the time of the operation the patients were childr^i who 
were growing fast, the stature was at once arrested in a striking 
manner. In many cases attacks of vertigo were observed, but 
convulsions were only noted in one instance, that of a girL 
The excellent development of the muscles formed a curious 
contrast to the jiatients^ complaints of feebleness and lassi- 
tude. 

The numerous excisions of goiters which have been carried 
out in Billroth's hospital practice in Vienna have led to 
divergent results, in so far as the cases were much more 
frequently complicated with tetany than they were at Berne. 

> Kocher, Arch,/, klin. Chirurgie, vol. xxix. p. 254: 188S. 

2 Idem, loc. at., p. 27S. 

5 Idemy loc. ct<., p. 2t^. 

♦ Idem, loc. cU., p. 279, a teq. 
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A. V. Eiselsbergy' who has collected the statistics of fifty-three 
complete excisions performed in Billroth's clinique, states that 
attacks of tetany occurred in twelve cases, eight of which died 
in conseqaence. It is noteworthy that all the twelve patients 
were* females. 

Kocher considers that the arrest of physical and mental 
development in cretinism is also due to disease of the thyroid 
gland.' It is true that all cretins do not have goiters ; accord- 
ing to the statistics of a French Commission the proportion is 
somewhat more than 75 per cent. But it must not be over- 
looked that in most cases cretinous children are descended from 
goitrous parents, and that cretinism is inherited through several 
generations.' 

From these pathological facts, a number of physiological 
questions arise. We see that the failure of the thyroid function 
is the signal for the onset of the gravest physical and mental 
disturbances. What is the connection between these functions ? 
Are the substances which act harmfully upon the organism 
altered and rendered innocuous as they pass through the gland ? 
Or are substances formed in this organ which are essential to 
the performance of physical and mental functions ? Or may 
both these phenomena occur? The fact already mentioned 
that a small remnant of the thyroid gland is able to take the 
place of the whole appears to show that the active principle 
of the organ need only be present in a minute quantity in order 
to affect the total metabolism, that in fact it is a question of 
so-called ferment-action. Physiological experiment on animals 
seems to confirm this view. 

In 1884 Schiff* published an account of his experiments 
on the extirpation of the thyroid gland in dogs, adding that he 
had already written about them in 1859 but that no notice 
had been taken of them by the surgical profession. Schiff 
found that afler complete extirpation of the thyroid gland all 
the animals died from four to twenty-seven days afterwards. 
These experiments have been confirmed by many observers. 
The symptoms shown by the animals subsequent to the oper- 
ation were however of very variable character, not only in 

^ A. von Eiselsberg, " Ueber Tetanie im Anschluss an Kropfoperationen/' 
Wien, A. Holder : 1890. This author also gives a complete account of the 
literature on the consequences of excision of goiters. 

' Kochner, loe, ciL^ p. 298 et teq. 

' The copious literature on th« connection between goiters and cretinism is 
quoted by A. Hirsch, "Handb. d. historisch-geographischen Patholog.," 2d 
edition, Part II. pp. 137-140 : 1883. 

* M. Schiff, JRev. mid, d, L Suisse rom., Ann. iv. p. 65, 15 F6v. : 1884. Transl. 
in Arch. f. exper. J\Uh. u. Pharm,, vol. xviii. p. 26 : 1884. 

28 
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differeot species, but also in different individuals of the same 
species. A few of the animals succumbed rapidly in a few 
dtLjSy frequently with the accompaniment of tetany; others 
lived for some monUis or even longer, and sank gradually fiom 
general cachexia. The causes of this divergent behavior have 
not so &T been explained in any way, and the accounts are 
very discordant.^ 

Horsley ' found that older animals survived excision of the 
thyroid for a longer time than young animals, and recalls the 
observation of the anatomist Buschke that this organ is rela- 
tively larger in youth, and diminishes with age. The thyroid 
would thus appear to take a prominent part in the development 
of the tissues. Moussu,' Hofineister,^ and others obtained the 
same results as Horsley. 

In dogs and cats thyroidectomy is usually &tal. The 
first symptoms are those of general weakness, twitchings 
of the muscles, and disturbance of the r^ulation of the 
temperature. The muscular twitchings first appear as fibrillar, 
and subsequently as clonic and tonic convulsions, and in the 
worst form are of an epileptic character, followed by Cheyne- 
Stokes respiration and deep coma. That this muscular excita- 
tion is of central nervous origin was first shown by Schiff,' 
who pointed out that the muscular tremors and the convulsions 
were abolished by cutting through the peripheral nerves. If 
in dogs the spinal cord be divided at the level of the eighth 
dorsal vertebra, the characteristic convulsions which occur on 
excision of the thyroid gland are confined to the fore limbs.* 
In a few cases feeble isolated twitches were also observed in 
the hinder extremities. The impulse for the spasmodic move- 
ments of the extremities evidently travels from tiie brain to 
the spinal cord by way of the pyramidal tracts. That the 
disturbances consequent upon thyroidectomy are mainly of 
central origin agrees well with the observations on man : e. g., 
the slowness of thought and speech ending ultimately in loas 
of mental power. In the case of dogs, death generally occurs 

^ On this question see V. Horsley, " Internat. Beitr. z. wissenach. Med.,*' 
Festschr., R. Virchow gewidmet., vol. i. p. 382 et, teq.: 1891. Oyer 200 publi- 
cations are here critically discussed. See further A. von Eiselsberg, ** Uebw 
Tetanie im Anschluss an Kropfoperationen," Wien, A, Holder, p. 16: 1890. 

2 Victor Horsley, Proc. Roy. Soc, vol. xl. p. 7 : 1886. 

» G. Moussu, 3Um. Soc. Biol., p. 271 : 1892. 

* Hofmeistcr, Beitr. z. klin, Chinirg.j vol. xi. : 1894. 

^M. Schiff, Bev. med. d. I. Suisse rom., Ann. iv. p. 71 : 1884. Compare 0. 
Lanz, Mitth. a. Kliniken u, vfud. Instituten d. Schiceix., vol. iii. p. 512: 19S6: 
and Fr. de Quervain, Virchow' s Arch., vol. cxxxiii. p. 481 : 1893. 

• O. Lanz, Mitth. a, Kliniken u. med. Instituten d. Schweis,, vol. iii. p. 51<: 
1895. 
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within the first fortnight during an attack of tetany.^ Occa- 
sionally however, a dog will survive the operation.' 

In the case of rabbits the accounts are so much at variance 
that for the present no reliable deductions can be drawn.* 
E. 61ey ^ found that excision of the thyroid in rabbits was 
not followed by death unless the small accessory thyroids ^ were 
removed at the same time, and that in these cases the animals 
generally succumbed with signs of tetany. F. Hofineister* 
found tJiat after the extirpation of the thyroid in young 
rabbits cachexia was the invariable result, tetany occurring 
if the accessory glands were likewise removed. Other effects 
observed by him were retardation of the growth of bone and 
the ossification of the epiphyses. Blumenreich and Jacoby^ 
contest Gley's assertion. They found that it made no differ- 
ence whether the accessory glands were removed with the 
thyroid body or not. The behavior of the rabbits on whom 
thyroidectomy has been performed varied greatly in every 
ps^cular. Many became cachectic, but tetany seldom occurred. 
Some died soon aft;er the operation, others did not succumb 
until months later of some intercurrent disorder. In the 
animals suffering from cachexia, atrophy of the lymphoid 
tissues, and especially of the thymus, was observed, besides 
disturbances of the biliary secretion and marked distention 
and enlargement of the gastric intestinal canal. Lanz ^ states 
that all i^e rabbits in which he excised the gland died either 
of acute or of chronic tetany. 

In the case of sheep, goats, and donkeys, cachexia did not 
supervene until long after the operation.* In young goats and 
Iambs V. Eiselsberg^® noticed that the growth of the bone- 
substance was arrested both in length and breadth, and that 

* P. M. Antokrstow, Peter$burg, Waehentehr., p. 106 : 1888 : G. Fano e. L. 
Janda, Arehwio medico, vol. xiii. p. 365 : 1889 ; O. Lanz, loc. cU. p. 512 : 1895. 

« Ed. Wormser, Pfluger't Arch., vol. Ixvii. pp. 53^-636 : 1897. Ck>mpare 
Drobnik, Areh. /. exper. Path, u. Pharm,, vol. xzv. p. 136 : 1888 ; and B. 
Schwarz, Lo SperimerUaU, Fasc. 1 : 1892. 

* Vide F. Mertens, Znr Kenntniss d. Schilddruse," Diss., Gottingen : 
1890 ; J. B. Ewald a. John BockweU, Biol, CetUralbl,, p. 568 : 1890. 

« E. Gley, Arch, de PhytioL, Jan. and Apr. 1892, p. 467 : 1898 ; p. 101 : 
1894 ; p. 136 : 1897 ; and Pfluger'9 Arch,, vol. Ixvi. p. 308 : 1897. The literature 
of the subject wiU be found quoted here. 

* For the construction of the accessory thyroid glands see H. Cristiani, Arch, 
de Phytiol., p. 279 : 1893. 

« F. Hofmeister, Beitr, t. klin, Chir., vol. xi.: 1894. 

^ L. Blumenreich and M. Jacoby, Berl. klin. Wochentchr,, p. 327 : 1896 ; and 
I^uger't Arch,, vol. Ixiv. p. 1 : 1896. 

•O. Lanz, MiUh, a. Kliniken d, Sehweit,, vol. iii. p. 541 : 1895. 

* V. Horsley, IrUemat. Beitr, x, vnuenachaftl, Med,, vol. i. pp. 390 and 391 ; 
1891. 

^<» A. V. Eiselsberg, Langenb, Arch,f, klin, Chir,, vol. xlix. p. 207 : 1895. 
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derdc^MDeot <^ the horns and hair wms affiactod; iheat 
spnpUfms were aooompanied br m fiJl in temfentane and 
genend apadnr, recaUing erednism in man. Tetany however 
did not occur eidier in theBe eases nor in the ease of the 
hcfbivora upon which I^nz* had petfinm ed thjimdectomj. 
Philipeaox' slates that removal <^ the thyroid ghnd had 
no effect opoo white rats, hot it may be doubted whether 
theae investigations were porsoed £u- enough. Cristiaiii* 
diowed that rats, as well as domestic and field mice, have 
accesBOfy thyroids^ excision <^ whidi, together with the main 
^and, {Modnces death fiom tetany. 

The consequences incident on the extirpation of the thyroid 
glands in monkeys are described by Victor Horsley^ as 
follows*: 

Fibrillar mnscolar twitchings of the extremitieB may result 
immediatdy ; bat as a role the animal remains qoite healthj 
for the first five days. These twitchings develop in twenty- 
foor hoars into tetanic attacks, which osoally last for about 
twenty days and then gradoally cease. At the same time the 
symptoms of myxedema and cretinism sk>wly develop ; the 
animal becomes more and more apathetic, taking no notice 
of anything, in marked contrast to its former vivacity. Hie 
ddn on the fiice and abdomen becomes swollen. According 
to the analysis made by Hallibarton this swelling is doe to 
infiltration with mocin. The salivary glands are markedly 
hypertropbied, aud the parotid, which normally yields a liquid 
secretioD, now produces a thick saliva containing an abundance 
of mocin. The blood shows extensive changes ; the red blood- 
corpuscles diminish, the white ones are at first increased and 
sobsequently likewise diminish ; the blood now contains mucin 
and the serum albumin is lessened. The body-temperature^ 
which had risen somewhat after the operation, becomes vari- 
able, and gradually £dls afler about twenty-five days far below 
normal. The animal dies in a state of coma. 

In a second communication ^ Horsley states that he was 
able considerably to prolong the life of his monkeys if he obvi- 
ated the consequences of this fall in their temperature. He 
kept the animals in a place maintained at a temperature of 
32° C, and as soon as nervous symptoms, trembling of the 
muscles, &., supervened, he put them in a hot-air bath of 

^ O. Lanz, loc. cit., pp. 513 and 543. 

* PhilipefliLX. Compt. rend, Soe, d. Biol,^ p. 606 : 1884. 
» H. Cristiani, Arch, de Physiol., p. 39 : 1893. 

* V. Horsley, Proc. Roy. Soe,, vol. xxxriii. p. 6 : 1885. 

* V. Horsley, loc, cit,, toI. xl. pp. 7 and 8 : 1896. 



THE DUCTLESS OLANDS 437 

40.5^ C. Under these conditions all the monkeys^ with the 
exception of the very young animals^ lived four to five times 
longer than the previous animala had done, that is to say, their 
duration of life, instead of only four to seven weeks, was now 
extended to as many months. The animals thus treated passed 
through three stages — ^a neurotic, mjrxedematous, and atrophic. 
The symptoms of the first stage were artificially combated and 
scarcely showed themselves. The myxedematous swellings 
were likewise diminished, and the parotid did not become en- 
larged. The final stage was marked by loss of flesh, functional 
paresis and paralysis, mental dulness, lowering of the blood- 
pressure and of ihe body-temperature, ending in death from 
coma. 

On this subject we may describe two further observations 
made by other investigators, v. Eiselsberg ^ experimented on 
a young monkey (Inuus ecaudaJbas). A week after the extirpa- 
tion an attack of tetany supervened, which recurred several 
times, and ended in complete apathy. Nine weeks after the 
operation the animal was found dead in the cage. Dissection 
showed that '^ the subcutaneous cellular tissue was remarkably 
pale, and in patches somewhat jelly-like.'' 

Lanz ' records the case of a monkey which after removal of 
its thyroid went into acute tetany, ending quickly in death. 

Very few experiments in this connection have been made 
on birds. Ewald and Rockwell ^ found that pigeons survived 
the operation if it were performed with proper precautions. 
After the lapse of three months they did not notice any effects. 
Perhaps the effects were overlooked, and the birds may not 
have been sufficiently long under observation. Or must we 
assume that the thyroid in pigeons is in a rudimentary condi- 
tion, and that other organs have taken over its functions ? 

The universal occurrence of the thyroid gland among all 
the vertebrata shows that it is of vital importance to the 
organism. It is found in all classes of fish, even in the lowest, 
^he petromyzon ; moreover, in the amphioxus and in the tuni- 
cata — the in vertebrata which are most nearly allied to the 
vertebrata — it occurs as an extension of the front portion of 
intestine in a form analogous to its embryonic position in the 
higher animals. 

Cristiani ^ cut out the thyroid gland in lizards and snakes, 

^ A. von Eiselflberg, Langenh. Areh.f, klin, Ckir.^ vol. xlix. pp. 223-226: 1895. 

'O. Lanz, MiUh, a. Klinik. d, Sckweiz,, vol. iii. p. 513 : 1895. 

* J. R. Ewald and J. Rockwell, Areh. f. d. get. Physiol. ^ vol. xlvii. p. 160 : 
1890. Compare O. Lanz, infra, p. 486. 

^ Cristiani, Areh. de Physiol., vol. vii. p. 366 : 1895 ; and Bev. nUd. de la 
Suisse rom,. p. 37 : 1895. 
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which invariably died after a longer or shorter time. Lanz^ 
performed the same operation on skate at the experimoital 
station at Naples. Although he could detect no characteristic 
symptoms of ill-health, yet they did not live so long as the 
normal Selachians, which were kept in the aquarium und^ the 
same conditions. 

The observation that thyroidectomy is usually attended with 
less ill-effects in herbivora than in camivora ' led to the assump- 
tion that a meat diet was especially bad for animals which had 
been deprived of these glands. It was thou^t that dogs and 
cats bore the loss better on a milk diet. ' On this account a 
chiefly v^etable diet has been recommended for persons suffer- 
ing from cachexia strumipViva. Ughetti^ could not however 
confirm the statements as to the favorable influmce of milk 
and v^etables on the symptoms resulting from removal of the 
thyroid. 

All observers are unanimous on one point, viz., that the 
untoward results, including death, of extirpation of the thyroid, 
are absent if even a small portion of the gland be left behind 
in its normal position. It can be proved also that removal of 
the thyroid is without effect if a little bit of the gland be 
transplanted to some other part of the body. Experiments 
of this nature had already been carried out by M. Schiff, * who 
transplanted the thyroid of one dog into the abdominal cavity 
of another, and, after two or three weeks extirpated the thyroid 
gland of the second dog. The operation was successful in two 
cases, in both of which the animals remained alive and well. 
Schiff's transplantation experiment has been frequently con- 
firmed, especially by A. von Eiselsberg. • This observer extir- 
pated the thyroid in fifty cats, and found that in every case 
the operation was followed by tetany and death. In another 
cat he now excised only half the gland, which he transplanted 
into the abdominal wall between the peritoneum and the fiiscia. 
A month later he removed the other half of the gland. The 
animal lived for another two months, and appeared normal in 
every respect. At the end of this time, 2. e., three months after 
the transplantation, Eiselsberg cut out the transplanted bit of 

* O. Lanz, MiUh, a. Kliniken u. med, InstittUen d. Schweix,, vol. iii. p. 486 : 
1895. 

' Q. Moassu, Mtm, de la 80c. de Biol,, p. 271 : 1892 ; O. Lanz, loc. eiL, p. 
613 : 1896. 

> Leo Breisachcr, Du JBois* Arch,, p. 609 : 1890. Cf, Mouasa, /. c; Fr. de 
Qaeryain, Virchoio't Arch., vol. cxxxiii. p. 504: 1893; and O. Lanz, 2. c, p. 
630. 

* Ughetti, Riforma medica, December 1892. 

■ M. Schiff, Rev. nUd, de la Suisse rom,, Ann. 4, p. 425 : 1884. 

* A. Freiherr ▼. Eiselsberg, Wien. klin, Wacheiuehr,, Jahrg. t. p. 81 : 18BL 
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gland, which he found well supplied with blood by two fairty 
large vessels, and under the microscope presented a normal 
appearance. The abdominal wound was carefully closed, but 
on the evening of the next day typical tetany developed, and 
the animal died on the third day afler the operation. Eisels- 
berg carried out this experiment four times with success. 

These experiments are in so far instructive as they show 
that the fatal results of removal of the thyroid are not 
dependent on interference with nerves or the general circula- 
tion, as was formerly maintained.^ Moreover the fatal results 
could be prevented or at any rate postponed by giving the 
operated animals thyroid glands of the same or ot^er species 
to eat, although a continuance of this treatment was not 
without ill-effects on the general metabolism. These were 
especially marked by an increase in the nitrogenous excretion 
— an increase which is also observed even in normal animals.' 
A series of careful experiments by Fr. Voit ^ on the normal 
dog showed that thyroid administration caused not only in- 
creased proteid destruction but also increased excretion of car- 
bon dioxid, so that the body-weight may &11 to half its previous 
amount.^ 

It is worth noting that, according to Lanz,^ the subcutane- 
ous injection of the juice of the thyroid gland in normal animals 
brings about atrophy of the thyroid. 

All attempts to isolate the active principle of the thyroid 
gland have so &r led to no satisfactory result. Great interest 
was excited by Baumann's discovery of iodin ^ in the thyroid 
and by his suggestion that the active principle of the gland 
was an iodin compound. Previous observations had already 
suggested the investigation of the thyroid for iodin. Kocher, 
who had been treating goiter by means of thyroid extract, 
had been struck with the resemblance of its effects to those 



* A full and critical aoconnt of the literature on this subject is s^yen by Y . 
Horsley, in the ** Intemat. Beitragen z. wissenschafU. Med., Festschr. B. Vir- 
chow gewidmit/' vol. i. p. 372 et seq.: 1891. 

' £. Roo6, ZeiUehr. f. phytiol, Chem., vol. xxi. p. 19 : 1895. B. Schondorff, 
I^uger't Arch,, yoI. Ixiii. p. 423, and vol. Ixvii. p. 395 : 1897. Here the com- 
prehensive literature on the influence of the thyroid gland on metabolism will be 
found. 

» Fr. Voit, ZeiUehr, /. Biol., vol. xxxv. p. 116 : 1897. Here a critical 
account of the earlier literature is given. 

*K. Georgiewsky, CerUralbLf. d. med. Wissenseh.f No. 27: 1895. 

' O. Lanz, CorretpondembL f. tchweiter AertU, Jahrg. xxv. p. 293 : 1896. 

* E. Baumann, ZeiUehr, /. phytiol, Chem,, vol. xxi. p. 319 : 1895 ; vol. xxii. 
p. 1 : 1887. Munehen, med, Woehenschr,, No. 14 and 20 : 1896. Baumann and 
E. I^XM, ZeiUehr,/. phytiol, Chem., vol. xxi. p. 481 : 1896. E. Roos, ibid., vol. 
zxii. p. 16 : 1897 ; and " Ueb. Schilddrusentherapie u. Jodothyrin," Freiburg and 
Leipzig, Mohr: 1897. 
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observed id the oidinarj treatment with iodm. Monvrer k 
had been suggested thst the o e eoi rcDee of goiter ib eettn 
mountain vallers might be aaeribed to the ahagnee of iodia m 
these places, though subseqaeDt more exact ezperaiMBiB had 
shown this idea to be devoid <^ foundation, iodin being 
tained in the drinkiiig-water as well as in the fdanta of 
valle\'8 where goiter was endemic.* 

From' the thvnnd ^and Bamnann eztiacted a «lM*«»*»r 
OMitaining iodin in oiganic eomhiwitinn. This he regwded 
as the active principle and called iodothvrin. This view is 
open to many objections. Iodin is not foond in the thjioid 
gland of all animals. Thns the gland <^ a dog fed on meat 
contains either no iodin or onlv traoes,' and in pigs, oxen, and 
horses, iodin is foond very sddom, and then ooly in minute 
quantities.* Finally Banmann himself sdUes that iodin is not 
a constant constituent of the thyroid gland in man.^ Wecannot 
therefore regard the minute amount or the entire absence of 
iodin in goiters as the cause of this disease.* It is posoUe 
that the iodin, which exists in small quantities in almost 
all vegetable food, is withdrawn fiiom the circulation and 
retained as a harmful substance. In man the administntioa 
of iodin or the treatment of wounds with iodoform leads 
to an increased amount of iodin in the thyrmd. IVminainn 
founds his identification of iodotbyrin with the active prndplt 
on the faurt that administration of iodotbyrin in goiter causes 
disappearance of the tumor. But, as Coindet* pointed out 
as early as 1820, this condition has also been sncoeasfollv 
treated with inorganic preparations of iodin. In this case 
however much larger doses are necessary. But it is possible 
that the organic form may be more readily absorbed and reach 
the part where its influence is effective. In foct Kocher suc- 
ceeded in reducing goiters by the administratkMi of an artifi- 
cially prepared iodin compound of casein.* Even before 
Baumann's discovery, it was known that another artificial com- 
pound of iodine — tetraiodopyrrol, had some effect on goiters.* 



1 An afeeoant of the eomprefaeomTe literature oo this ■abject ii i^iTcn bj ▲. 
Hinch, **HAodb. d. historiftrh-gwisnphisehen Pathologie," Stnttsart, Enke, 
AbCh. ii. pp. 135 and 136: 1$83. 

* Banmann, ZeiUchr. /. phytiol. Ch^m., rol. xziL p. 14 : 1S96. 
•Topfer. ITtVn. klin. WocMnueJkr., p. 141: ia&6. 

4 Baumann. lor. eii.. pp. 3-12. 

* Banmann, Munckm wud. WoeMenseJkr^ Xo. 14: 1S96. 

<J. Ft. Coindei, Biblialhiqwe unirerwdU de Gtmitt, toI. xiT. p. 190: 

isa). 

* Ed. Wermser. Pfiugrr'a Arch., toL Utu. p. 529 : 1897. 

■ O. SchorndoHT, '* Bdtr. z. therapenttBcben Verwerthbarkctt dei Jodet," 
Diaa., Wunboiig: 1889. 
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It is also claimed that good results have been obtained with 
injections of iodoform.^ Certain sea animals and plants which 
contain iodin have been used as medicaments^ and especially 
in cases of goiter, for hundreds of years before the discovery 
of iodin. Hamack ' has recently given an interesting account 
of these iodin drugs. As I have already mentioned, Kocher ' 
observed even in the earliest attempts to relieve the struma with 
thyroid preparations, how much the mode of action resembled 
that of the long-used iodin. As a final proof that iodothyrin 
was the active principle of the thyroid, Baumann stated that 
the tetanic convulsions occurring in dogs as a consequence of 
thyroidectomy were prevented by the administration of iodo- 
thyrin (2-3 grs. per diem),* This statement could not how- 
ever be coi^rmed by Gottlieb and Wormser. Gottlieb* 
showed in three experiments that the tetany and death resulting 
from the extirpation of the thyroid could not be prevented by 
the administration of iodothyrin. Kocher's pupil, E. Wormser,* 
comes to a similar conclusion. He finds tiiat iodothyrin was 
ineffective either in preventing an attack or in stopping an 
attack which had already b^un ; whereas all attacks of tetany 
can be kept off and the life of the animal preserved for a long 
time by administration of the whole thyroid gland. 

All other efforts to isolate the effective principle of the 
thyroid gland have been equally unsuccessful,^ None of the 
substances which have been isolated from the gland have been 
of any use for counteracting the effects of thyroidectomy. The 
only preparations which were of any value were those which 
contained the proteids of the gland, though these were less 
effectual than the whole gland, dried at 65^ C, which in its 
turn was inferior to the fresh raw gland. 

At present there is no evidence against the view that the 
active principle of the gland belongs to the class of labile proteids, 
a class including all those substances which have tibe most 

*R. T. Moeetig-Moorhof, Wien, Prest,, No. 1 : 1890. 

sE. Elamack, Munehen. med. Wochensehr,, No. 9 : 1896. 

* Kocher, Correipondenabl. /. tchweizer AertU^ voL xzy. p. 6 : 1895. 

^Bsnniann and EL Gk>ldinaimy Munehen, med, Wochenachr.^ No. 47 :' 1896. 
F. HofineiBter, Deuiseh. med, Wochentehr., p. 354 : 1896. H. HUdebrandt, Berl. 
kUn, Wochetuchr,, p. 826 : 1896. A. Inai, MiincJien. med. Wochenaehr,, p. 1249 : 
1896. 

"Gottlieb, Deutteh, med. Woehentchr., p. 235 : 1896. Compare A. Notkin, 
Wien. kUn. Wochentchr,, No. 43 : 1896. 

*Edm. Wormser, Pfiuger't Arch., vol. Ixvii. p. 505 : 1897. 

^ In this connection read : Drechsel, Physiol. Centralhl., vol. ix. p. 705 : 1895 ; 
8. Frankel, Wien. med. BlaUer, No. 48: 1895; Nos. 13-15: 1896; J. Notkin, 
Wien. med. Wochenachr.^ No. 45. p. 824 : 1895 ; Virehow*t Arch., yoI. cxUy.; 
Snppl., p. 224 : 1896 ; B. Hutchinson, CerUralbl. f. d. med. Winemeh.t p. 209 : 
lo96« 
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potent influence on the body fimctionSy viz., the most nsefiil 
ferments and the most virulent poisons. (Compare Lectures 
XI. and XXVII.) 

We may conclude that the assumption that poisonous 
products of metabolism are destroyed in the thyroid gland 
must be discarded as extremely improbable. We could not^ 
on such an hypothesis, explain the &ct that a v^y minute 
fragment of the gland left behind at the operation or trans- 
planted to some other part of the body, is sufficient to prevent 
all the usual effects of thyroidectomy. Nor does it seem 
probable that the blood flow through the small vessels of the 
gland can be sufficiently abundant for such a process of puri- 
fication to take place to any considerable extent. It is much 
more probable that the gland is continually giving off to the 
blood minute quantities of a ferment-like substance, whicfa 
influences the metabolism in other organs of the body. We 
thus come to the same conclusion as we arrived at in dealii^ 
with the internal secretion of the pancreas. (Compare p. 398.) 

Attempts have naturally been made to utilize in therapeotics 
the various results of chemical and vivisectional experiments 
described above. The first object of these attempts was to 
counteract the cachexia strumipriva which supervenes as the 
result of total extirpation of the gland for goiter. But they 
were naturally extended to the treatment of myxedema and 
cretinism. The method first used was that of transplantation 
of the gland^ but it was found that the transplanted gland 
underwent absorption after a short time, so that only tranaent 
improvement was effected.' The result was equally ansad^- 
factory in a case where the human gland itself was Oscd. A 
female cretin, thirty-three years of age, developed severe myx- 
edema with epileptic attacks and apathy, as the reealt of 
total extirpation of the thyroid for goiter. Bircher ^ there£)ie 
transplanted into the abdomen of this patient a bh of the 
thyroid gland, which he had just removed fttun aDodio- padent 
in an operation for goiter. Within a few days the paxieat wk 
markedly better, and at the end of four weeks her fenner 
intellectual activity and power of work woe fully resttivvd. 
After this came a relapse, and the condition grew sceadSy 
worse for four weeks. A second transplantation W1&^ ther^?ce 
carried out in similar manner to the first. Tliree moacfas 
after the second transplantation the woman was per£ardy wdl 

« Lannelongiie, Wien. mtd. BliiUr, No. 13: ISEO: P. MtfkjCB ami Ck. 
Wmlther. Mrreredi mid., Ko. 46 : 1?W». 

H. Bircher. ** Dms Mrxodem a. d. crednisebe I Xg.umjt ij«. ": VKksBBK^t 
** Sammliiiig kliniirhfr Voitn«e/* No. 357. pp. 1^16 : swl Xaehfie^ 9. £ : 
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and worked the whole daj ; but six months later the epileptic 
attacks recurred. In the same way Kocher ^ succeeded in pro- 
ducing only a temporary improvement in his attempts to treat 
cachexia strumipriva by transplantation of the gland of men or 
animals. 

It seems therefore that transplantation succeeds only when 
the transplanted piece of gland becomes vascularized — a proc- 
ess which so far has occurred only in the transplantation in 
healthy animals when their own ghmd has been used. 

This method had therefore to be given up and trial was 
made of the introduction of the active principle of the gland 
by subcutaneous injection or administration by the mouth. 
The latter mode has proved to be the simpler and more effective. 
The results have been wonderfully good. The myxedematous 
swelling diminishes and the general bodily and mental condi- 
tion improves in a marked manner.^ Relapse however occurs 
at once if the treatment be discontinued. Renewed administra- 
tion of thyroid counteracts these effects for a time^ but appar- 
ently not permanently, since, as we have already seen in experi- 
ments on animals, disturbances of metabolism occur, such as 
increased output of nitrogen, showing a correspondingly in- 
creased proteid disint^ration in the tissues.' The same result, 
but to a less extent, follows the administration of thyroid in 
healthy men,^ and leads in time to diminished body-weight,^ 
and finally to glycosuria^ and albuminuria.^ 

These experiences have impressed on surgeons the necessity 
of avoiding where possible complete extirpation of a goitrous 
thyroid, and the operation is now only performed in certain 
cases of malignant tumors, such as cancer or sarcoma. Thus 
the clinical records gleaned by Kocher, Reverdin, and 
Billroth from cases in which total extirpation of the thyroid in 

^ Kocher, CarrespondenMhl, /. ichweizer AenUf Jahrg. 23, p. 529 : 1893 ; and 
Jahrg. 25, p. 9 : 1895. 

* Mackenzie, Brit, Med, Jowm.^ Oct. 29 : 1892. Vermehren, DetUsch. tned, 
Woehenwhr,, March 16, 1893. Vasaale, Jiiv, aperimerUale, vol. xix. Fasc. II., 
m. : 1893. Leichenstein, DeuUcK med. Wochenschr,, Nos. 49-51 : 1893. 
Coatanzo, Rivitta Veneta di icieme mediehe, vol. xx. Fasc. II.: 1894. Palleske, 
DeuUeh, med. Wochenschr., No. 7 : 1895. O. Lanz, Correspondenzbl, d, Bchweiter 
AenU., Jahrg. 25, p. 296 : 1895. 

* Mendel, DeuUch, med, Woehentehr,, No. 2 : 1893. Napier, Lancet, Sept. 
30, 1893. Vermehren, DeuOeh, med, Wochenschr,, No. 43: 1893. Ord, BriL 
Med, Joum,, vol. ii. p. 212 : 1893. 

^Vermehren, loc, eii., A. Dennig, Munchen. med. Wochenechr., Noe. 17 and 
20. Bleibtreu and Wendelstadt, Deutech. med. Wochentchr., No. 22 : 1895. 

'Beinhold, Munch, med. Wochenechr., July 31, 1894. Brans, Deutach. med, 
Wocheneehr.y Oct 11, 1894. 

* C. A. Ewald, Berl. klin. Wocheneehr., Nos. 2 and 3 : 1895. A. Dennig, 
Ice. cU, Bleibtreu and Wendelstadt, loe, cit. 

1 A. Dennig, loc. eit. 
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man for gmler has bem p«fiHTiied, will be of mestimable valne 
fi>r future physiological reeearchy since they can never be 



As already mentioned (p. 441) attempts have been made to 
treat goiter itsdf by administmticm of thyroid gland. Bein- 
hold ^ obtained an almost complete disappearance of the tomor 
in five cases out of six that he treated in this manner, and 
Brons^ had equal sncceas in nine out of twelve cases. Myxe- 
dema and cretinism have also been successfully tieated by the 
administration of thyrmd gland/ as also by tianqplantatioOy 
though in the latter case the good effects have been only 
temporary.* 

The cachexia and bodily and mental weakness, which 
sometimes supervene afler partial thyroidectomy, have also 
been treated with great success by the administration of raw 
thyroids.* 

Finally a laige number of the most diverse disorders have 
been subjected to treatm^it with thyroid. Among these we 
may mention obesity, psoriasis, ecgema, lupus, syphilis, leprosy, 
exophthalmic goiter, acromegaly, mentd diseases, diabetes, 
tuberculosis, uric acid diathesis, rickets, &c., &c. It is 
however impossible at present to say how &r this mode of 
treatment has been of good or of harm in these varioos 
maladies.* 

Before leaving the subject of the thyroid gland, I may 
mention the observations which point to some connection 
between the activity of this organ and the sexual functions. 
Impaired development and retarded descent of the testes has 
been observed afber excision of the thyroid in young animals.^ 

> Rembold, loc eU. 

* P. Brnnft, Beiir. z. klin. CkirurgU, 12, 18M. Compare iIbo Kodier, Corrt- 
gpomd^nxbi. f. §ekweiaer Aerxte, roL xxr. p. 3 : 1S95. O. Lanx, idem. Not. 2 and 
10 : l$d5. A. Iiwi, B. Vas, and Gesa Gara, I>nU, wud. Wock,, No. 28 : 1896. 
G. Rtrinbach, JTitt. a. d, Gretugeb. d. Med. «. Ckir,, yoL L: 1896. H. Stabel, 
Berl. klin, WocA., No. 5 : 1896. O. Angerer, Mumck. wud. Wockemsehr., No. 4 : 
1896. P. Bmna, Brunt' B^iirage, rol. zri: 1896. 

> Beadle Lmmeei, Feb. 17, 1S94. £. Mendel, DnU. wud. Woek., No. 7 : 1895. 
C A. Ewald, Berl. klin, Woek., Xoa. 2, 3, and 30 : 189S. O. Lanz, Omrenxfnd- 
enabl. /. 9ckweiMer AerxU, Not. 2 and 10 : 1895. B. Abrahams, Med. Beeord, 
April, 1895. Vennehren, *'Stadien ub. Myzodem," Diaa. Copenhagen: 1895. 
Middleton, GUugov Joum., Feb. 1896. W. H. Goorge, BrU. Med. Joum., Sept 
12, 1S96. Roahton Parker, ihid., Jnne 27, 1896. H. U. Vinke, Med. Xem, No. 
12: 1S96. 

* T. Gemet, ZeiUckr, f. Ckimrgie, toL xxxix. : 1894. 

* Angerer, Muncken. tmed.Wockekeckr., No. 28: 1894. Sonnenborg, Ion* 
9tnh. Arch., Tol. xlviii.: 1S94. 

* The literature on this subject will be found in a paper bj £. Boos, *' Ueb. 
Schilddrusentherapie u. Jodothyrin/' Freiburg and Leipzig, Mohr : 1897. 

» A. T. Eiselsberg, Arck /. klin. CAtr., vol. xHx, pp. 216 and 225 : 1896. 
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Langhans found the testes atrophied in cretins.^ A connection 
of the thyroid gland with the sexual functions has been known 
of for a long time.' Swelling of the gland is often observed at 
the menstrual period as well as during pregnancy, parturition, 
and lactation, though this does not occur in the majority of 
cases. Thus J. Fischer' could only detect swelling of the 
thyroid gland in two cases out of fifty during menstruation, 
and in only one-third of the cases in pr^nancy. The more 
frequent occurrence of myxedema in women is worthy of 
note. According to the results collected by a committee of the 
Chemical Society/ out of every hundred cases of myxedema, 
eighty-six are women and only fourteen men. In the ovaries 
of cretins, Langhans^ found the follicles but slightly devel- 
oped ; only a few follicles were in a process of growth, while 
the majority remained in their primitive condition. In the 
transplantation experiment of Bircher's,^ which I mentioned 
above, the awakening of the psychical ftmctions was attended 
with a restoration of the sexual functions. Menstruation which 
had ceased for a year, occurred again regularly aft^r the trans- 
plantation. 

A connection of the gland with sexual life seems to be in- 
dicated by the fact to which Schdlein^ draws attention, viz., 
that the frequency of goiter shows two maxima, one at the time 
of puberty and the other during senile involution. 

An interesting observation has been made on birds by 
Lanz,' who took two young hens of the same brood and in one 
of them excised the thyroid gland. The operated animal 
developed more slowly and was smaller than the other. Its 
comb was also ill-formed. There was also a great difference 
in the laying powers of the two hens ; the one which had lost 
its thyroid laid only one ^g four months aft^r the extirpation. 
This had a shell as thin as paper and weighed only 5 grms., 
whereas an ordinary hen's ^g weighs 50 to 60 grms. In 
another experiment Lanz took nine hens, all eighteen months 
old, and to one of them gave 10 to 30 grms. of thyroid gland 
every day to eat. While the other eight hens laid altogether 

^ Th. Langhans, Virchow's Arch,, vol. cxliz. p. 155 : 1897. The views of 
earlier authors on the subject of the sexual organs in cretins are quoted here. 

An account of our knowledge on this matter is given by H. W. Freund, 
DetU. ZetUehr. /. Chir,, vol. xviii. p. 213 : 1883. 

» J. Fischer, Wien, med, Woch,, Nos. 6, 7, 8 and 9 : 1896. 

* din. Soc, Trans., supplement to vol. xxi. London : 1888. 

* Langhans, loc. cit, 

• Bircher, loc. cU., p. 3407. 

^J. L. Schonlein, "Pathologic u. Therapie," part i. p. 81, St. Gallen : 
1846. 

• O. Lans, MiUh. a. d. Kliniken d. Sehweiz, iii. p. 540: 1895. 
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forty-two eggs in twenty-three days, the ninth that was fed 
with thyroid Uiid in the same time sixteen ^gs, t. e.^ three 
times as many as the others. The weight of these ^gs gnidn- 
ally increased ; the last ^g laid before the thyroid feeding was 
begun weighed 50 grms., while afterwards the weight gradoally 
rose to 60 grms. 

I may now say a few words about the anterior glandnlar 
portion of the pmnTARY body. The position of this gland 
renders it extremely inaccessible to operative interference, so 
that attempts at its removal are usually attended with &tal 
results from the operation itself and teach us nothing con- 
cerning the significance of the organ. The pituitary body has 
sometimes been found hypertrophied in dogs and rabbits after 
extirpation of the thyroid/ and hypertrophy has also beai 
found in man in sporadic cretinism, accompanying atrophy of 
the thyroid/ as well as in one case of goiter.' These fticts, as 
well as the occurrence of iodin in the human pituitary body/ 
have led to the assumption of some analogy between the ftmc- 
tions of this body and those of the thyroid. 

Rogowitsch r^ards the pituitary body as equivalent to the 
thyroid, and emphasizes the &ct that rabbits, which withstand 
the effects of thyroidectomy longer than do dogs or cats, pos- 
sess also relatively larger pituitary bodies. In the rabbit the 
thyroid is only three times as heavy as the pituitary, whereas 
in dogs and cats it is fifteen to twenty times as heavy .^ 

Finally the view has been put forward that disease of the 
pituitary leads to disorders of nutrition as extensive as those 
following diseases of the thyroid. Just as the latter leads to 
myxedema aud cretinism, so the abolition of the functions of the 
pituitary body is supposed to lead to acrom^aly, u «., a morbid 
increase in the growth of the bones. In fact in some cases and 
indeed in all since attention has been directed to the point, 
hypertrophy or disease of the pituitary body has been found 
post mortem in cases of acromegaly.* 

*N. Rogowitsch, Arch, d. phytioL, 4 S6r., vol. ii. p. 419: 1888; F. Hof- 
meister, Beitr. t. klin, Chir., vol. xi. p. 2: 1894; L. Blumreich and M. Jmcoby, 
Pfiuger^B Arch., vol. Ixiv. p. 1 : 1896, could not confirm this statement as regards 
rabbits, nor J. R. Kwald and J. Rockwell as regards pigeons, Pfluger*$ Arch,, 
vol. xlvii. p. 170 : 1890. 

" Boumeville and Bricon, Arch, d, Neurologie, 1886. 

» K. Wolf, Ziegler's Beitr,, vol. xiii. : 1893. 

*Schnitzlerand Ewald, Wicn, klin, Woch,, 'So. 29: 1896. 

" N. Rogowitsch, Britr. z. pathol. And. u. allgem. Pathol, v. Ziegler, vol. iv.: 
1889. Compare II. Stieda, " Ueb. d. Verhalten d. Hyi>oph3r8i8 des Eaninchens 
nach Entfernung der Schilddnise," Diss., Konigsberg, 1889, and ZiegUr's Beitr,, 
vol. vii. p. 537 : 1890. 

« P. Marie and G. Marinesco, Arch, de mH, expbrim,, July 1, 1891. F. A. 
Packard, American Joum,, June, 1892; K. Wolf, Ziegler'i Beitr., vol. xiii.: 
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Unless the methods of vivisection and asepsis make some 
unexpected advance^ we must in the near future await an 
increase of our knowledge on this point rather from the side of 
pathological anatomy and clinical observation. 

1883. B. Caton and F. T. Paul, Brii. Med, Joum., Dec. SO, 1893. J. Arnold, 
Virehotp*s Areh.^ vol. oxxxy.: 1894. M. Dallemagne, Areh. de fn$d, txp,^ 
Tol. yii.: 1885. Comini, ArcK per It »eienae med,, vol. xv. No. 21, p. 435 : 1886. 
B. Boxbargh and A. J. CoUis, Brit, Med. Jaum,, p. 63, July 11, 1886. 
A. Tamborini, Biv. tperim. di Freniairia e di Med, legale^ vol. xx.: 1886. Ad. 
StrompeU, " Lehrb. d. apecieUen Path. a. Therapie," 10th ed., vol. iii. p. 165 : 
1886. 
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Puncture, 395 

Diamond, carbon as, 14 

Diatomaoes, silica of, 23 

Diet- 
After thyroidectomy, 438 
Percentage of food-stufb in articles 

of, 64-74 
Begulation. 145 

Diffusion and vital processes, 3-4 

Digestion — 
Artificial pancreatic, 163 
Influence of alcohol on, 121 
Pancreatic— «e« Pancreatic Juice 
Poisonous products of, 417 

Diphtheritic toxin, 413-414, 418 

Diuretics, effects of, 319 

Dolium galea, 133-134 

Duodenfu fistula, 278 

Dyspnea, on mountains, 242 

ECK'8 fistula, 296 
En-albumin, 45 

Copper compound of, 51 

Crystallization of. 52 

Proiwrtion of sooium and potasflium 
in, 98 

Silver compounds, 51-52 
Ens — 

Fluorin in. 24 

Silicic acid in, 24 
Elastin, 58-^9 
Electric currents in nerve and muscle, 

5 
Electrical discharges in the atmosphere 

formation of nitrites by, 18 
Endothelial cells — 

Nerve supply, 228 

Of capillary wall, selective activity, 
219-221 
Energy, conservation of, 27 
Enzymes, 416-418 
Epithelial cells — 

Of bUe-ducto, 179 

Of glands, 4, 83-84, 137, 138, 428 

Of intestine, in food absorption, 3 
Ethereal sulphates, 325 
Evolution, theory of, salt in animalB 

explained by, 101-103 

Fat— 
Formation, 358-369 



Fat — continued 
In milk in different climates, 107- 

108 
Selection of. by epithelial cells, 3-5 
Synthesis of, 361 
Fata— 
Absorption of, 71, 174, 184-185, 189- 

191 
Action of bile on, 183-184 
As food-stuffs, 43, 60-74 ; as sources of 

energy, 351 
Conversion to sugar, 346 
Emulsification of, 164-165. 174 
Pancreatic disestion of, 163-165 



Fattv acids in ^od^ 360 
liers, silicic acid in 
nentatioi 

Feces, 79. 80 



Feat' 
Fermentation- 



ash of, 24 



Alcoholic, 143, 158-159 

Butyric^ 142-143, 158-159, 251.277 

Hydration always accompanies, 158- 

159 
In stomach, 143-144 
Intestinal, 271 
Lactic, 142-143, 158-159 
Ferments, 152. 155-161 
Ammoniacal, 322 
Diastatic, 160 

Heat, influence on activity of, 160-161 
Isolation, 159 
Organized and unorganized, 158-159, 

161 
Pancreatic, 161-171 
Pepsin, 160 
Rennet, 109-110 
Yeast cells, 155 
Ferrous oxid, oxygen fixed by, 16 
Fever. 420-427 
Fistula, composition of bile from, 180- 

181 
Flourin, circulation of, 24 
Food- 
Absorption of— «e« Absorption 
ComiK)6ition, 65-67 
Daily ingestion (adults), 113-114 
Digestibility of different kinds, 68-74 
Of in&nts, 104-114 
Potential energy of, 31 
Selection of, by cells, 3-4 
Food-stuffs— 
Classes of, 42-43 
Definition of term, 41 
Digestibility of different, 68-74 
Heat equivalent of, 61 
Inors^c, 82-103 
Iron m, 376 
Organic, 42-81 

Producing muscular energy, 63-64 
[>rmate oi lime, decomiKMition, 



Formate 

157 
Formic acid, 157 



156- 



QALL-bladder, composition of bile from. 

180 
Gases— 

Of alimentary canal, 276 

Of blood, 22^280 
Qastric juice, 130-150 

Antiseptic action, 131-134, 142 

Artificial, 160-161 

Different reactions of, 13^-139 
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GMtric jaice — eoniinued 

PlRthologiical^ 144 

Reflex secretion of, 115-116 
Gaatric macoufl mcnmniie — 

Alkaline reaction of^ 134 

Softening of, 146 
Qaitric nicer, canae of, 147-148 
Gelatin and gelatin-jielding rabetanoea, 

42, 54n59, 68, 125, 190-181, 177, 288 
Qlanda— 

Aotiyity of, 83-84 

DnctleH, 428^f47 

Epithelial cella of; 4 
Qlobnlin, 46-64 
Globulins — 

In blood seram, 216 

In mnsde, 217 
Glomemli, 318 
Glntin. 42 

Glyoenn, in diabetes, 406 ; in fitl for- 
mation, 361 
GlycoehoUe add, 177, 178 
Glyoocol, 177 

Glycogen, formation of, 342-347; in 
diabetes, 396; effect of diabetic 
pnnctore, 3d5 
Glycosaria, 386-407 
Glyeuronic acid, 259, 390 
Goiter, 431-433, 444 
Gont, excretion of uric acid in, 302 
Qrape-«ugai>— 

Decomposition, 154-155 

Oxidation, 247 
Graphite, carbon as, 14 
Qoanidin, 298 
Gnanin, 77, 314 

Hair, silicic acid in ash of, 24 
Heart-bam, 144 
Hematin, fate of, 338 
Hematogen, 375 
Hematoporphyrin, 338 
Hemoglobin, 21-22 

Amount in blood, 206-207, 210-216 

Combination with oxygen, 141 

Crystals, 49-51 
Hemoglobinuria, 339 
Heat- 
As source of motion, 29-31 

Animal, source of, 31-34 

Diminished loss of, in fever, 422-423 

Effect on ferments, 153-161 

Formation in decomposition of carbo- 
hydrates, 346 

Produced by work, 28-29, 31, 35 
Heat-equiyalents of food-stufb, 61-62 
Heat-regulation, effect of alcohol on, 

117-118 
Hippuric acid, 256, 259, 281-287 
Human milk — 

Analysis of, 104 

Composition of, 104-109 
Hydrobilirubin, 323 
Hydrocele fluid, 226 
Hydrochloric acid — 

A remedy in dyspepsia, 144 

Action, antiseptic, 131-132; possible 
digestive, 130-131 

Avidity of, 136 

Formation from blood, 134-137, 139 

Liberation of, 135-139 



Hydrogen- 
Circulation of, 14 
Formation of; 261 
In alimentary canal, 277 
Peroxid ot 154 
HydrolyUc ferments, 416-418 
Hypoxanthin, 77, 313; in birds, 309 

Imhuvitt, 421 

Indian oobra^ toxin of, 418 

Indigo, in nnne, 324 

IndoI,266; £steof, 324 

Infimts, food of, 104-114 

Infection, 408-A19 

Inornnic salts, r61e of, in adolt orgsa- 

ism, 86-4K) 
Inoat,402 

Insects, sodinm in, 102 
Internal sense, 1-2, 6, 9 
Intestinal juice, functions of, 173-176 

Obstrucnon, aromatic sulphates in, 
326 

Parasites, respiration of, 353 

Wall, tension of CO, in, 268 
Intestine- 
Epithelial cells of, 3-4 

Excretion of iron by, 373 

Fermentation in, 271 

Gases of, 276. 278 

Peristalsis of, influence of food, 71-73 
Inulin, utilianon by diabetics, SM 
Invertebrates, sodium in, 102 
Invertin, 166 
lodin — 

Circulation of, 23-24 

In thyroid gland, 43^-440 
Iodoform. 440, 441 
lodothyrm, 440, 441 
Iron, 370-385 

Absorption of inorganic, 371 

Amount in body, 370 

Circulation of, 21-22 

Excretion of, 373 

In young animals, 378 

Of liver. 342 

Oxidation of, 254 
Iron, oxid of, colloid form, 44-45 

Jaundice, i>athology of, 339 
Jequirity seed, 416 

Keratin, 58 
Kidneys — 

Extirpation of, 293, 309 

Functions of, 316-333 

Hippuric acid formed in, 285 

Overworked by excessive salt diet, 
100 

Pathogenic bacilli in, 426 
Kinetic energy — 

Conversion mto other forms of energy, 
27-29; 35-36 

Liberation by chemical processes, 153 

Of sunlight, 29-^1 
Koprosterin, 80-81 

Lactic acid — 
Excretion after extirpation of liver, 

311 
Formation, 355 
From sugar, 390 
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Lactic acid — continued 

In diabetes, 406 

Of urine, 331 
Lerulose, utilization of, 392 
Lathrodectes tredecimguUtjUui, 416 
Lecithin, 76-77, 179 
Leguminoss, 17-18, 70 
Leukemia, uric acid in, 307 
Leucin, 167 
Leucocytes — 

Blooa coagulation and, 202-204 

Digestion and, 197-198 

Function of, 222-223 

Licrease of, in fevers, 425 
Lieberkuhn's glands, 172, 176 
Lime — 

In milk of different mammals, 106 

Necessity for, in children's food, 84- 
86 
Lime, formate of, decomposition, 156- 

167 
Limestone, 16 
Liver- 
Extirpation of, 296 ; in birds, 310 

Qlycogen formation in, 342 

Iron in. 342 

Metabolism in, 334-347 

Urea formation in, 294 
Lung catheter, 266 
Lungs, tension of gases in, 266 
Ljrmph, 218-228 

Cells, and digestion, 197-198 

COi m, 267 

Composition of, 225-228 

Formation of, 219 

Functions of, 222-223 

Glands, function of, 223 

Rate of flow, 219 

Belation to cell nourishment, 219-221 

Spaces, uses of, 222 
Lysatin, 298 
Lysin, 289 

Magnesia compound of globulin, 46- 

49 
Ma^esium^ circulation of, 20 
Maise, silicic add in aah of, 23 
Malic add, 42 
Malpighian bodies, 818 
Maltose, 162 

MammaJs, composition of milk of dif- 
ferent. 104-109 
Manganese, circulation of, 26 
Marsn-gas, 277 
Mass influence, 136, 240, 263 
Meat, nutrient value, 68 
Meat diet, and need for salt. 90-100 

Extracts, food value of, 124-128 
Mechanism, as an explanation of vital 

processes, 1-12 
Metabolism— 

During work, 349; during mental 
work, 36-38 

In fever, 421-424 

Lifluence of alcohol on, 120 ; of thyroid 
gland on, 439, 442 

In hver, 334-337 

Nitrogenous end-products of, 281 

Products of bacterial, 408-419 
Methylamin^ 411 
Methylguanidin, 410 



Milk- 
As food, 66-70, 104-114 

Ash of, 82-^, 106, 376 

Cholesterin in, 80 

Composition. 66-67, 82. 104-114 

Inorganic salts in, 81-86, 97, 98, 105 

Iron in, 376 

Ledthin in, 77 

Nucleins in. 79 and n. 2 
Milk diet, bad effects of, 72, 383 
Millon's reaction, 66, n. 2 
Molluscs, secretion of, 133-134 
Monotropa, 39 
Motion, different forms of, 27; origin 

of, 29-30 
Mucin, 179 
Mucoid^ 179-180 
Muscann, 76 
Muscles — 

Action of oreatin and creatinin on, 
128 

Functions of, how far explicable, 6 

Destruction of sugar in, 394 

Gases of, 350 

Glycogen in, 343 

Metabolism of, 294 

Skeletal, in starvation, 216 

Storage of protdd in, 217 

Urea in, 297 
Muscular energy, source of, 63, 64, S48- 

357 
Myxedema, 430 

Nbbve Ainctions, how fiu* explicable, 6 
Nervous ssrstem, effect of thyroidectomy 

on. 439 
Neuriain, 410 
Neurin, 4i09 
Nitroglycerin, 153 
Nitrogen — 

Circulation of, 17-18 

Elimination, 63, 120-121; in work, 
349; in fever, 424-425 

In feces, 69 

In intestines, 276 

In respiration, 237 
Nitrogen, iodid of, 154 

Trichlorid, 153, 154 
Nitrogenous end-products, 281 

Equilibrium, maintenance of, 193 

Food, heat-equivalent of, in the body 
ana calorimeter, 63 
Nuddc add, 78-79 
Nucldns, 77-80, 374 

Obrsitt, 368 
Organic adds — 

As food-stuffs, 41-42 

Avidity of, 136 

Formation of, in the blood in fevers, 
426 
Organic compounds of iron, 378 
Omithin. 287, 298 
Omithuric acid, 287 
Osmosis and vital processes, 3-4 
Ossein, 42 

Ovaries, iodin in, 25 
Ovum, devdopment from, 4 
Oxalic acid — 

Fate of, in the body, 832 

In urine, 331 



454 



INDEX 



Oxalnric add, 306 
Oxidation — 

In blood, 243 

In diabetes, 389 

In tissues, 244 

Mechanism of, 247 
Oxidizing propeilj •/ tissnes, 248 
Oxjbntyric acid, 312, 391 
Oxygen- 
Absorption of, 238 

Balance of carbonic acid and, 14-17 

Carriers, 253 

Circulation of, 14-17 

In respiration, 237-200 

In saliva, 246 

Inspired, as a food-stuff, 42 

Intake in fevers, 422 

Requirements of different animals, 
353 
Oxyhemoglobin, 240; dissociation of, 

242 
Oxone, 248 
Pancrbas, 152, 166; extirpation of, 

398 
Pancreatic diabetes, 398 

Juice. 151-152, 161-171; action on 
carbohydrates, 162-163; &ts, 163- 
166, 184-185 : proteids, 166-171 
Para nut, crystalloids, 46 
Parabanio acid, 305 
Parasites, metabolism of, 253 
Pepsin, 160-161 
P^tones — 

Different forms of, 169-170 

Fate of, 197-199 

Formation of, 166-169 

In urine, 199 

Nature of, 171, n. 

Regeneration of, 194-197 
Pericardial fluid, 226 
Peritoneal transudation, 226 
Penpirahile reterUum, 272 
Perspiration, 275 
Phenol, fete of, 257 
Phloridzin diabetes. 346, 387 
Phosphates of blood plasma, 263, 264 
Phosphoric acid — 

In milk of different mammals, 106 

In plant life, 20 
Phosphorus — 

Circulation of, 20 

Compounds, 75-80 

Influence of nitrogen excretionon, 121 

Oxidation of, 255 

Poisoning, 426 ; assimilation of sugar 
in, 398 
Pigments rejected by epithelial cells, 
3-4 

Bile, 178 ; origin of, 336 

Urinary, 323 
Pinnipedia, salivary glands in, 130 
Pituitary body, 446-447 ; iodin in, 25 
Plants- 
Contrast between animals and, 88-40 ; 
interdependence, 14, 16 

Iron in, 22 

Silicic acid in, 23 

Sodium in, 102 
Pleural fluid, 226 

Poisons — see Arsenic, Bacteria, Phos- , 
phorus I 



Polyuria in diabete^ 402 
Potassium, ciicnlatiofi oi, 20 
Potassium chlorate, diMoeiatioii d, 154 
Potassium salts-^ 

Action of, 126-127 

Distribution over the snr&ee of Hat 
globe, 101 

In food, 83-103, 105 

Iiyection of, into blood, 127 
Potatoes- 
Food value of, 6^70 

Potassium salts in, 92, 97 
Potential energy — 

Chemical, 29 

Conversion into kinctie eoergj, 27-29, 
35-36 

Of plants, 30 
Protead— 

Absorption, 6&-71, 191-199 

Amoiint in different Ibod-stiiib, 65-68 

Classification and properties, 43-45 

Conversion into peptones, 168-169; 
reconversion of peptone, 197-199 

CiTVtallisation o^ 4^^ 

Decomposition of, 288 

Digestion of, 68-70 

Disintegration of, in fever, 424-425 

Effect on glyoosen, 345 

Fat formation from, 363 

Gastric digestion of, 130-131 

Importance as food-etofB^ 43 ; in vital 
processes, 64 

In blood serum, 207, 216 

In lymph. 228 

In milk or mammals, 105-106 

Molecular weight of, 47 

Of bacterial poisons, 413-415 

Pancreatic digestion of, 16&-171 

Source of energy, 351 
Ptomains, action of, 412-413 
Pulmonary catheter^ 265 
Putrefaction, alkaloids of bacterial, 409- 

413 
Pylorus — 

Alkaline secretion of, 138 

Resection of, 139 
Pyrogallol, oxidation of, 250 

QuiinNE, action on cells, 287 

Effect on formation of uric acid, 306 
Quotient, respiratory, 270 

Rattlesnake, poison of, 418 

Red marrow, changes after extirpation 

of spleen, 231-232 
Reducing powers of tissues, 341 
Reflex secretion of gastric juice, 115-116 
Rennet, action on milk, 1(^110 
Respiration, 229-280 ; at low pressures, 
241 
Cutaneous, 271 
Respiratory exchange, 270 ; in diabet- 
ics, 390 
Respiratory foods, 63 

quotient, 270 
Rhizopods, method of taking up food, 3 
Rice — 
Potassium salts in, 96-97 
Suitability of, in renal disease, 100- 
101 
RickeU, 85 
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Rock crystal, 46 
Ruby, 46 

Saliva, 12^130^ 246 

Salmon, synthesis of lecithins and no- 

oleins in, 79-80 
Salt frog, 246 

Saltpeter, formation of, 252 
Secretions, cell Amotions in procefls of, 4 
Serum of blood, 200, 206-211, 213-215, 
216,225 

Salts of, 262 
Serum-albumin, 45 
Silicic acid, struggle with carbonic acid, 

15-16; colloid form, 44 
Silicon, occurrence, 23-24 , 
Silver comx>ounds of egg ubumin, 51- 

52 
Skin, exchangee through, 274 
Snake poison, 416 
Soa]^, formation in digestion, 164-165 ; 

in bile, 179 ; in blood serum, 216 
Sodium- 
Circulation of, 20 

Distribution over the surface of the 
globe, 101 

In blood, 208 

In food. 83-103 
Sodium chlorid, 90-103 
Sodium compound of globulin, 47 
Specular iron ore, 46 
Spermatozoon — 

Hereditary transmission through, 8 

Nucleic acid from, 79 
Spiders, x>oisons of, 416 
Spleen — 

Extirpation, 229-234 

Functions, 231, 235-236 

Influence on uric acid, 307, 308 

lodin in, 25 

Peptones in, 197 
Stapnylococcus toxin, 418 
Starch, digestion of, 156. 162-163 
Starvation, effects of, 392 
Sterilization of milk, 110 
Stomach — 

Functions of, 140-142. 148-150 

Extirpation of, 140-141 

Self-digestion of, 145-148 
Streptococcus toxin, 415 
Sugar- 
Absorption of, 188-189 

Assimilation in phosphorus poison- 
ing, 398 

Destruction in muscles, 394 

Formation frt)m fats, 346 

In blood, origin of, 188-189 

In normal unne, 331 

Levorotatory, in diabetes, 387 
Sulphates, aromatic, 256, 325 
Sulphocyanic acid, 330 
Sulphur— 

Ajb oxidizing agent, 21 

Circulation of, 20 

In proteid, 47-53 

Of hemoglobin, 239 
Sulphuretted hydrogen, 144, 278 
Sulphuric acid — 

Action after removal of basic salts 
from food, 87-89 

Avidity of, 136 



Sulphuric acid — earUinued 

Decomposition product from proteid, 
87 

Elimination in fever, 422 

In saliva of molluscs, 134 
Sunlight a source of energnr. 29-31, 35 
Suprarenal capsules, 428-430 
Symbionta, 39 n. 4 
Synthetic processes in the body, 283 

Tabtabic acid, as a food-stuff, 42 
Taurin. 177-178, 327 ; fete of, 329 
Taurocnolic acid, 177, 178 
Tea, 122-124 
Teeth, fluorin in, 24 
Temperature — 
After throidectomy, 436-437 
Alcohol, effect on, 118 
In fever, 420-424 

Its influence on vital processes, 64 
Tension of CDs in blood, 262 ; in lungs, 

266 
Tetanus toxin, 412-413, 414-415, 418 
Tetany, 435, 436 
Theobromin, 124 
Thioeulphuric acid, 330 
Thrombosis, 202 
Thjrmus, 25, 236 
Thyroid gland — 
Administration of, 439, 443. 444 
Connection with pituitary body, 446- 
447; with sexual functions, 444- 
446 
Extirpation, 431-438 
Functions, 442 
lodin in, 25 

Isolation of active principle. 439-441 
Subcutaneous iiyection of tne juice, 

439 
Transplantation^ 438, 442-443 
Tissue, non-digestion of living, 14&-147 
Chanee and food. 64-65 
Development, relation of thyroid to, 
. 434 
Tissues, reducing power of, 251 
Toxalbumins, 416-419 
Toxins, 412-113 

Transudations, analyses of, 225-226 
Trimethyl - vinyl-ammonium-hydroxid, 

409 
Tubercle bacillus, 142, 420; products 

of, 415, 418 
Typhoid bacillus, 421 
Typhus toxin, 418 
Tyrosin, 56 n. 2, 57, 167 

Ubea— 

Constitution of, 288 

Excretion increased by rise of tem- 
perature, 424 

Formation from ammonia, 293 
Uric acid. 299 

Formula of, 306 

Of birds, 309 

Oxidation of, 304 

Solubility in urine, 322 

Synthesis of, 303 
Urinary sediments, 301 
tFrine — 

Abnormal acids in, 391 

Ammonia of, 295 
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Compontion of, 316-333 
CrsUnof, 327 
mppuric acid in, 282 
Inaicoin, 324 
Inferer, 426 
Iron in, 22 
PeptODCtin, 199 
Pigments in, 323 
Sncarin, 3S7 
UncMtdof.SOO 
Urobilin^ 323; fonnation of, 339; pro- 
duction in feTen, 425 

V ampf rt l U Spirog^rm, telection of food 
by, 3 

Vet«tat>le diet and need for aalt, 91-100 

Ycgetables, nutrient ralne of, 66-74 

Vesetarianinn, 70-71 

Yertebratca, aodinm in, 108 

Vital phenomena— 
Mechanical explanation of, 1-12 
Piyehological explanation of, 6, 9-10 : 



Vitalism, 1-2, 10-11 
Vortieellje, 40 

Wateb— 

Absorption flrom the ttomaeh, 148 

Inflnence of maas, 136 

Ne cc w i ty of. in the organism, 86 

Proportion by weight of oxygen 
total amoant of, 14 
Woody fiber, in digestion, 71-74 
Worit— 

Definition of, 27 

Inflnence on fitt formation, 368 

Sooroeof, 348 

Xahthik, 77, 306 
313 
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Ybast, nucleic acid from, 78 ; nudein 

from, 78 
Yeast cells, 155 
Yolkofegg,85,98 
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Bary, W. de, bacteria in the stomach, 

143 
Bauer, J. — 

Absorption of proteid, 192 

Alcohol, 121 

Phosphorus poisoning. 363 
Baum, P., innuenoe or food on the 

composition of milk, 112 
Baumann — 

Aromatic amido-acids, 257 

Cy8tin,327 

Indigo, 324 

Intestinal obstruction, 325 

lodin, 25; in thyroid gland, 439, 
440,441 
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